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Research Summary 
 
 
Currently, urban areas are confronting more social, economic and 
environmental pressures than in any other period of history. Cities must face 
challenges such as population growth, climate change, scarcity of resources, 
limited available land, environmental degradation, contamination and increased 
hazards to human health (Mostafavi & Doherty, 2016). Urban areas represent 
around 3% of the total world surface (Liu et al., 2014), though they consume 
around 60-80% of the world´s energy and contribute to more than 70% of the 
total global CO2 emissions (UN-Habitat, 2016). The current way of expansion of 
our cities increases pressures on natural ecosystems and contributes to the 
loss of biodiversity (Sinnett et al., 2015). The future of human population is 
extremely connected to urban areas and climate change. Therefore, a different 
approach is needed to guide the future development of our cities (Douglas & 
James, 2015; Mostafavi & Doherty, 2016). 
 
The application of green infrastructure in spatial planning can help us to create 
healthier, resilient and sustainable cities, as well as to adapt cities to climate 
change (Mell, 2010; Ramyar & Zarghami, 2017). Green infrastructure and its 
application in spatial planning have been recognized as a successful strategy to 
support resilience in many cities around the world (Mell, 2017). However, in 
Uruguay, green infrastructure plays a weak role in urban planning and has not 
been implemented as an integrated approach yet (Vásquez et al., 2017). The 
purpose of this project is to analyse the application of green infrastructure as a 
planning approach and identify potential localizations for green infrastructure, to 
guide the future development of the area, increase its resilience and improve 
the quality of life of its population. 
 
The research develops a model to identify priority areas for green infrastructure 
localization in Montevideo. The identified sites are located in places where 
benefits need to be maximized and respond to various prioritized functions so 
that the value and role of green infrastructure are strengthened and its 
implementation is promoted within the region. Taking into account the context 
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and current situation of the region, four main priority issues are selected to be 
addressed with the implementation of green infrastructure. The priorities 
selected are: stormwater management; local temperature regulation; population 
inclusion and proximity to public green spaces; and increase of biodiversity.  
 
The results exposed show priority areas for the localization of multifunctional 
green infrastructure in Montevideo. The resultant suitability maps can be used 
as a tool to contribute to future plans for the region. The model developed 
(GISM) can be adapted to changes in the local context, to newly available data 
or to a different area. Therefore, the model developed can be extended to other 
regions. The GISM can assist policymakers in making the most appropriate 
choice to locate GI projects in places where benefits are maximised. 
 
Key words: urban green infrastructure, GIS modelling, suitability analysis. 
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1. Introduction 
 
 
Chapter 1. Introduction, outlines the general situation at the global context, 
particularly urban areas role, challenges and future, in which this thesis is 
based. Furthermore, the research hypothesis and objectives are presented, as 
well as the plan and structure of the research. 
 
 
1.1 Global context  
 
In recent years, ecosystems have changed faster than in any other period of 
human history, jeopardizing the environment that makes human life possible 
(UN Environment, 2019). Expansion of urban areas over natural land continues 
to increase as population and migration from rural areas to urban areas 
continue to grow (Angel et al., 2016). The exploitation of the world´s resources 
rises as our current lifestyle and patterns of consumption intensify our need for 
energy, food, transportation and housing (Mostafavi & Doherty, 2016). 
 
Cities account for more than half of the human population and this trend is 
expected to increase in the coming years (United Nations, 2018).  Urban areas 
represent around 3% of the total world land area (Liu et al., 2014).  However, 
the ecological footprint of cities is much bigger than its own physical area, 
consuming around 60-80% of the world´s energy and contributing to more than 
70% of the total global CO2 emissions (UN-Habitat, 2016). As cities reach their 
current limits, urban expansion is no longer an effective solution. Lifestyle 
changes and stronger policy support are needed for a significant change toward 
resilience and adaptation of urban areas (ARUP, 2014). 
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Figure 1. World population living in urban areas. Author's elaboration. Source: UN 2018, 
Department of Economic and Social Affairs, Population Division. World Urbanization Prospects: 
The 2018 Revision, Key Facts. 
Figure 2. The world´s urban and rural populations, 1950-2050. Author's elaboration. Source: UN 
2015, Department of Economic and Social Affairs, Population Division, World Urbanization 
Prospects: The 2014 Revision. 
 
 
1.2 Urban areas, role and future 
 
Historically, cities have been centres of culture and innovation, where the 
greatest human developments and changes have happened. Cities need to 
continue being places in which to face future challenges. Currently, urban areas 
are facing social, economic and environmental pressures, as well as challenges 
such as climate change, scarcity of resources, limited available land, population 
growth, contamination, environmental degradation and increased hazards to 
human health (ARUP, 2014). 
 
Urban areas are linked to the environment (ARUP, 2014). Cities involve open 
systems that interact and transfer energy and matter with their natural 
surroundings. Urban growth is accompanied by the expansion of horizontal 
networks of grey infrastructure, to deliver water, energy, transport and other 
services. These infrastructures are interconnected, if something happens to any 
of its parts, entire areas of the city will be affected. This shows the vulnerability 
of our current cities (Douglas & James, 2015; Revi et al., 2014).  
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The current way of expansion of our cities increases pressures on natural 
ecosystems and biodiversity. Urban sprawl contributes to the fragmentation of 
natural habitats leaving isolated small patches that are no longer able to support 
a wide range of species (Sinnett et al., 2015). As urban areas expand, green 
areas compete against other more profitable land uses for expensive land. 
Nature is pushed out of cities, arising as a consequence environmental, social 
and health concerns (ARUP, 2014).  
 
Climate change is one of the major drivers of change that affects cities (ARUP, 
2014). Many climate change-related risks affecting urban areas are increasing. 
These include sea-level rise, storm surges, more intense and frequent 
precipitations, higher temperatures, floods, droughts, water scarcity, and air 
pollution (UN Environment, 2019). Further, the relation between urbanization 
and climate change has important effects on the ecology and the environment. 
Climate change can accelerate many of the ecological pressures that cities 
already exert over natural resources (Revi et al., 2014).  
 
Coastal cities are particularly vulnerable to climate change-related risks and 
extreme weather events (UN Environment, 2019). Statistics indicate that 
approximately 10 per cent of the population of the world lives in coastal areas 
located at 10 meters or less, above sea level (UN, 2017). While in Uruguay, 
93,4 per cent of the population lives in cities, 70 per cent lives in coastal areas. 
Demographic projections estimate an increase in these trends. This further 
proves the high vulnerability that the Uruguayan urban areas and their 
population face (MVOTMA, 2018). 
 
Climate change and the future of the human population are extremely 
connected to urban areas. Adaptation of urban areas to climate change will 
determine humans´ future quality of life. The challenges of rapid urbanization, 
limited global resources and climate change, have become more pressing and 
there is a need to find new approaches to guide the future development of our 
cities (Douglas & James, 2015; Mostafavi & Doherty, 2016).  
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There is a rising awareness supported by research, which recognises the 
benefits that nature provides for human environments. The development of 
urban areas needs to be in harmony with nature, linking ecological and human 
systems in equilibrium, rather than against each other. Cities designed as living 
systems in connection with nature can help us to create healthier, resilient and 
sustainable urban environments (ARUP, 2014). The implementation of green 
infrastructure (GI) as a tool to improve spatial planning for our cities can assist 
in reducing the effects of climate change and to promote more liveable cities 
(Hansen et al., 2017). 
 
 
1.3 Research hypothesis and objective  
 
One of the core principles of GI is the capacity to provide several benefits and 
to integrate different environmental, social and economic functions (Madureira & 
Andresen, 2014). In many cities, the development of GI projects is promoted 
due to their potential to address a wide range of urban challenges, such as 
climate change, while at the same time to provide multiple benefits and 
functions. However, the location of many projects is usually based on a single 
particular benefit, rather than in a set of benefits (Meerow & Newell, 2017; 
Pauleit et al., 2011). 
 
GI is a potential tool to be used as an adaptation strategy for planning and 
designing resilient urban areas toward the impacts of climate change (Mell, 
2010; Ramyar & Zarghami, 2017). GI and its application in spatial planning 
have been recognized as a successful strategy to support resilience in many 
cities around the world (Mell, 2017). However, in Uruguay, there are no existing 
specific policies or strategies for the development of GI as a priority or as a 
comprehensive strategy to tackle different urban challenges (Vázquez, 2017).  
 
Nevertheless, there are different initiatives such as “Montevideo Resiliente”, a 
strategy from the Municipality of Montevideo (IM) in collaboration with 100 
Resilient Cities (Rockefeller Foundation), or “NAP Ciudades” a National Plan for 
cities and infrastructure adaptation, which is a work from MVOTMA and UNDP 
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financed by the Green Climate Fund. The formerly mentioned plan aims to 
develop actions to adapt the city to climate change and reduce its vulnerability 
by encouraging sustainable initiatives such as green infrastructure 
development. 
 
In this context, the aim of the research is to develop a model to identify priority 
areas for green infrastructure localization in Montevideo. The identified sites 
should be in places where benefits are maximized and respond to various 
prioritized functions so that the role and value of GI are strengthened, and its 
implementation is promoted within the region. 
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1.3.1 Plan of the Research 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Plan of the Research. Author´s elaboration.  
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1.4 Aims of the project and expected outcomes 
 
For this study, a GIS-based methodology is developed to identify priority areas 
to locate green infrastructure developments. Priority areas should be in places 
where benefits are maximized so that the role and value of green infrastructure 
in the region are strengthened. The model will determine the most suitable 
areas in need of GI and existing opportunities to locate GI developments. 
 
The methodology developed is based on the selection of different criteria and 
variables to evaluate and analyse the region through the integration of different 
layers of spatial data. The model aims to detect spatial priorities for the location 
of GI considering certain specific issues that the region is facing and that need 
to be addressed.   
 
The issues selected for this research, or the benefits and functions that are 
designated to be addressed through the implementation of GI, result from the 
revision of the existing initiatives and priorities established by the municipality of 
Montevideo as well as from other national initiatives related (see sections 3.1 
Current situation and 3.2 - Related policies and plans). 
 
Selected issues are: stormwater management; local temperature regulation; 
population inclusion and proximity to green spaces and biodiversity increase. 
 
The model is based on the use of geographic information systems, the 
combination of multiple criteria (factors and restrictions) and decision rules, to 
create a single evaluation index. 
 
Based on the above considerations, the specific objectives of this research are: 
1. To develop a GIS-based methodology to identify priority areas for green 
infrastructure localization.  
2. To apply the model developed in the study region and generate maps 
with the least and most suitable areas in need of green infrastructure 
localization according to different priorities. 
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3. To provide recommendations for green infrastructure planning in the 
region. 
 
 
1.4.1 Structure of the Thesis 
 
 
 
Figure 4. Structure of the Thesis. Author's elaboration. 
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2. Literature Review 
 
 
Chapter 2. Literature review, provides an overview of the concept and 
application of green infrastructure (GI). It presents GI main principles and 
elements and describes some international experiences. In addition, studies on 
suitability analysis for GI localization are presented with the purpose to obtain 
references to guide the methodology process of this research. 
 
 
2.1 Green Infrastructure 
 
Different authors according to their work´s focus may use different definitions to 
define the concept of green infrastructure (GI) (Mell, 2010). One of the most 
renown definitions is by Benedict and McMahon's (2006) who defined GI as an 
interconnected network of green spaces that supports natural ecosystems and 
provide ecological, social, and economic benefit for human population. This 
definition is focused on a broader scale and regional application, as well as on 
protecting natural areas from being affected by new urban developments 
(Pauleit et al., 2011). 
 
According to the definition by Sinnett et al. (2015), GI is a socio-ecological 
system within the urban landscape that is essential for maintaining ecological 
cycles and for improving the quality of life of the population. Both former 
definitions have an emphasis on the ecological field. 
In Europe, the concept of GI is focused on urban application and on a finer 
scale, where natural green areas and built systems are designed in conjunction 
with each other to provide multiple ecosystem services (Pauleit et al., 2011).  
For the purpose of this work, a definition with a focus on planning is preferred, 
GI is then defined as an interconnected network of natural, semi-natural and 
built green spaces, designed for multifunctional purposes. These purposes 
include supporting biodiversity, restoring natural ecosystems, improving human 
well-being, increasing cities resilience and adapting them to climate change 
(Mell, 2010; Pauleit et al., 2011).  
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2.1.1 Benefits and ecosystem services 
A growing body of research confirms the extensive social, environmental and 
economic benefits that GI can provide, apart from its central role in contributing 
to increasing cities resilience towards the impacts of climate change (ARUP, 
2014). GI promotes several functions, and an increase in the ecosystem 
services available.  
 
Functions can be divided into three main categories (environment, social equity 
and economy). GI provides urban areas with a variety of ecological, social, and 
economic benefits (Matthews, et al., 2015; Niemela, 2014; Sinnett et al., 2015). 
- Environmental benefits: improve water, soil and air quality, regulate 
temperature, reduce the heat island effect, reduce noise, increase 
biodiversity, facilitate rainwater management and runoff, help reducing 
floods, and improve carbon sequestration (Sinnett et al., 2015). 
- Social benefits: promote social inclusion and reduce inequalities, 
increase areas for recreation and physical activities, improve human 
health and quality of life, reduce stress; promote cultural activities and 
identity (WHO, 2016).  
- Economic benefits: green areas increase land and housing prices, 
reduced energy use in buildings, generate more employment and 
investment, increase the attractiveness of the area for living or visiting 
(Sinnett et al., 2015). 
 
Ecosystem services are the benefits provided by natural ecosystems to us. 
According to Hansen et al., 2017, they can be divided into four main categories. 
- Provisioning: comprises agricultural products, food, plants, fresh water, 
wood, medicine, etc.  
- Regulating: includes regulation of air quality, temperature and climate; 
noise mitigation, ventilation, water flow, flood control, erosion control, 
pollination, etc.  
- Habitat: consist of habitat for common, rare and native species, wildlife 
movement, structural diversity, wilderness, etc. 
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- Cultural services: involves recreation, nature contemplation, sense of 
place and identity, heritage, social meetings, education, tourism and 
science, etc. (Hansen et al. 2017).  
 
2.1.2 GI Planning Principles 
There is no universal definition to describe green infrastructure. However, GI 
planning is based on certain main principles and most authors do agree in 
determining which these main principles are (Pauleit et al., 2011). Hansen et al., 
2017, divide these principles into core principles (multifunctionality, integration, 
connectivity and social inclusion) and supporting principles (multi-scale, multi-
object and multi-disciplinary).  
 
Multifunctionality 
Multifunctionality is essential to the green infrastructure concept. Unlike most 
grey infrastructure, which is generally designed as monofunctional 
infrastructure, GI planning aims to ensure multifunctionality by combining 
ecological, social and economic functions provided by green spaces (Hansen & 
Pauleit, 2014). GI involves spaces where a variety of functions and activities 
can be conducted at the same time or at different times, by the same people or 
by different people (Mell, 2010). In addition, different ecological services and 
benefits are provided (Ramyar & Zarghami, 2017).  
 
GI aims to improve and increase the functions delivered by green spaces and 
their capacity to deliver multiple benefits (Hansen et al., 2017). Generally, urban 
green spaces are planned to attend only one particular function, although they 
indirectly may contribute to other functions. A multifunctional GI seeks to 
explicitly combine different ecological, social, and economic functions 
increasing offered benefits for the population (Pauleit et al., 2011). 
 
Integration 
One of the core principles of GI is the capacity to integrate different 
environmental, social and economic functions (Madureira & Andresen, 2014). 
GI planning considers green spaces as essential as traditional grey 
infrastructure and aims to integrate both of them. The combination of both 
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systems (for example GI with the transport system, built-up structures, water 
management system or other public services), provides more benefits than 
traditional approaches do and promotes more sustainable cities (Hansen et al., 
2017; Hansen & Pauleit, 2014; Pauleit et al., 2011)  
 
Connectivity 
As a network conformed by individual green spaces, GI has the capacity to 
increase connectivity and support other processes and functions that individual 
green spaces cannot provide by themselves (Mell, 2010; Pauleit et al., 2011). A 
dense network of greenspaces provides more ecological values and benefits 
than those obtained from the sum of its parts (Uy & Nakagoshi, 2008). 
 
Connection of different GI elements can improve access to recreational areas, 
enhance mobility for bicycles and pedestrians and increase biodiversity and 
species dispersal (Hansen et al., 2017).  Additionally, if it is closely located to 
places where people live, it also contributes to mitigation of the heat island 
effect and ventilation of the city (Pauleit et al., 2011). Furthermore, it is more 
effective in resisting uncontrolled urban expansion (Uy & Nakagoshi, 2008). 
 
Social inclusion 
For GI planning is essential to develop processes of collaborative planning. The 
planning process should be open to the different actors involved and should 
incorporate the knowledge and necessities from all different sectors especially 
from the most vulnerable ones (Hansen et al., 2017). 
 
Multi-scale  
GI planning can respond to different scales or levels of planning, from individual 
parcels to neighbourhood, city, region, and nation (Hansen et al., 2017; Hansen 
& Pauleit, 2014; Mell, 2010; Sinnett et al., 2015;). Sinnett et al. (2015) focus 
their approach within the urban scale, distinguishing the metropolitan and 
municipal scales. Whereas, Mell (2010) argues that GI can respond to all levels 
of planning, including national, regional, metropolitan and local levels. Benefits 
will differ depending on the location, proximity to the population or area with 
needs and in the uniqueness of the resource. At a national level, the available 
Suitability Analysis and planning of Green Infrastructure in Montevideo, Uruguay. 
 
 
25 
land will enable larger GI resources that will provide benefits to the whole nation 
but in a lower degree than the benefits obtained from GI elements which are 
closely located to individuals. Therefore, GI will have higher benefits when is 
located close to the population and to the areas in need. Accessibility to the 
local level can be achieved by planning at neighbourhood levels, which will also 
add value to larger scales (Mell, 2010).    
 
Figure 5. Parcels, networks and infrastructure. Source: adapted from Davies et.al, 2015.  
Figure 6. Proportional green infrastructure values. Source: adapted from Mell, 2010. 
 
Multi-object 
All types of green spaces are part and contribute to the green network 
independently of their nature (natural or semi-natural areas, green or blue 
spaces) or ownership (public or private) (Hansen & Pauleit, 2014). 
 
Multi-disciplinary 
GI planning encourages linking different disciplines and is based on the 
integration of knowledge from diverse fields to support and enhance the 
planning process (Hansen et al., 2017).    
Also, as a system with a socio-ecological character, green infrastructure must 
be planned and designed at different spatial scales, considering quantity, 
quality, continuity and context (Sinnet  et al., 2015).    
 
2.1.3 GI elements  
GI involves diverse elements that vary according to size, scale, level and 
function. Some of these elements are commonly used in urban planning while 
others are not commonly applied in the planning practice (Mell, 2010). The 
elements that composed this interrelated network can be divided into to two 
main groups; natural areas such as wildlife habitats, watercourses, wetlands, 
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forests and other conservation lands; and urban green spaces, which include 
greenways, parks, rain gardens, urban forests, urban farming, green roofs, 
green facades, etc. (Benedict et al., 2006; Hansen et al., 2017). See table 1 - 
Matrix of GI key elements. 
 
Table 1. Matrix of GI key elements  
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Source: Author's elaboration, adapted from Benedict et al., 2006; Hansen et al., 2017 & Sinnett 
et al. 2015. 
 
GI elements can be classified according to certain characteristics, such as 
ownership (public or private), size and scale (micro, building, site, 
neighbourhood, settlement, rural), use (passive or active) and management 
(natural, semi-natural, artificial) (Sinnett et al. 2015). Elements are perceived 
differently, because of their different characteristics, such as size, form, 
composition, location and function (Mell, 2010). 
 
2.1.4 Urban green infrastructure (UGI)  
UGI is centred on a holistic understanding of the dynamics and relations 
between social and ecological systems, and it has the potential to combine both 
sides. This results in a more effective way to manage complexity than traditional 
planning does (Hansen & Pauleit, 2014). UGI is capable to assist in better long-
term planning as well as in improving urban liveability and well-being of their 
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communities, as a result of its integrative, multi-scale and multifunctional 
approach. In addition, it is able to address current urban challenges such as 
climate change (Hansen et al., 2017, Mell, 2010, Ramyar & Zarghami 2017). 
The potential of UGI as an adaptation strategy for planning and designing 
resilient urban areas toward the impacts of climate change resides in the 
flexibility and diversity of its components (Mell 2010; Ramyar & Zarghami 2017). 
As natural and human resources change with time, green infrastructure can 
effectively address these changes (Mell, 2010).   
 
Some examples of how UGI is effective towards climate change adaptation of 
urban areas are its contribution to reducing flooding, due to their possibility to 
retain, store and reuse water later; the increase of permeable surfaces to 
enhance drainage reducing runoff; its influence on temperature regulation, 
improvement of water quality and buildings efficiency because of the use of 
green walls and green roofs; and the provision of new and diverse habitats for 
species (Jones & Somper, 2014). 
 
2.1.5 UGI and Spatial Planning Practice  
The application of UGI in spatial planning proposes a conceptual framework 
that can be adapted to any local context. The different principles can be 
combined to respond to particular urban challenges that the city or region is 
facing (Hansen et al., 2017). 
 
Spatial planning plays an essential part in promoting the use of green 
infrastructure for improvement and adaptation of urban areas (Matthews et al., 
2015). Planning policy should provide a framework to be used by planners and 
to translate green infrastructure thinking into feasible objectives. Education of 
policymakers regarding the value of green infrastructure and an active approach 
to engagement and marketing of green infrastructure is essential to its diffusion, 
application, and for sustaining its use (Mell, 2010).   
 
UGI can be considered to be context specific and adaptable. Planning at 
different scales (local, city, regional) and having a variety of objectives (such as 
Suitability Analysis and planning of Green Infrastructure in Montevideo, Uruguay. 
 
 
29 
urban greening, water management, social equity, etc.) can also result in a 
more appropriate way for investment (Mell, 2017). 
 
Planning policy and its support for GI depend on the context. While some 
countries have a long experience supporting GI such as USA, UK, or other 
European countries, they differ in their approaches and focuses. Other 
countries such as India, China, or South Africa, are starting to implement GI 
applications as a normative form of urban planning, (Mell 2017). 
 
2.1.6 GI International Experiences 
 
2.1.6.1 Denmark “From climate adaptation to green urban development” 
 
In the past, green infrastructure in Denmark was mainly associated with 
ecological corridors and species conservation. In recent years, the integration 
between the development of ecological networks and spatial planning system 
was promoted with the incorporation of new policies, such as the “Danish 
Nature Policy” from 2014 (European Commission, n.d). 
 
Local municipalities in Denmark started applying the concept of GI to propose 
green sustainable cities. Particularly, the city of Copenhagen is well-known for 
its climate adaptation planning policy, which includes the use of GI as the main 
element for the protection of the city against floods and other impacts of climate 
change. (European Commission, n.d).  
 
According to Copenhagen Climate Adaptation Plan (2011), the city will become 
the first European Carbon neutral city by the year 2025. The plan involves 
several actions including the incorporation of green elements such as 
compulsory green roofs for certain types of new buildings. Mitigation measures 
are complemented with adaptation measures which are established in the plan. 
In the adaptation plan, GI is also a central part, for example, in order to 
contribute to reducing urban heat island effects or extreme temperatures. 
 
Suitability Analysis and planning of Green Infrastructure in Montevideo, Uruguay. 
 
 
30 
Another national action plan created is “Climate-proof Denmark”. This plan 
proposes the implementation of multiple green-innovative solutions to create a 
resilient city. The plan promotes the application of Sustainable Urban Drainage 
Systems (SUDS). SUDS involve the use of different elements that incorporate 
functions such as infiltration, storage, transportation, delay or evaporation of 
water. Examples of the elements used are subsurface infiltration beds, 
infiltration trenches, rain gardens, bioswales, green roofs, permeable paving, 
and trenches, among others. Infrastructures are not addressed individually; they 
are designed as a system. Holistic solutions are more successful in solving 
complex problems. Collaboration between authorities, organisations, private 
companies and individuals is encouraged (Hoffmann et al., 2015). 
 
Figure 7, illustrates publicly accessible green areas. Semi-private areas (such 
as green courtyards) are not included on the map, although they play a very 
significant role for a green city too. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 - Green Areas in Copenhagen. Source: The Danish Nature Agency and the City of 
Copenhagen. City Of Copenhagen, Municipal Plan 2015. 
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2.1.6.2 Green Urban Infrastructure Strategy, Vitoria – Gasteiz, Spain. 
 
Vitoria Gasteiz City Council launched its Green Urban Infrastructure Strategy in 
2012. The strategy aims to reconnect the city with nature turning it into a more 
resilient system to tackle different urban challenges. It is based on the use of 
diverse UGI solutions, in the principle of multifunctionality and in its related 
benefits (Vitoria-Gasteiz City Council, 2014). 
 
Some of the specific objectives of Vitoria-Gasteiz City Council's Strategy are: 
.To tackle environmental issues, enhance urban biodiversity, natural processes 
and ecosystem services. 
.To improve connectivity and functionality between different urban and peri-
urban green areas.  
.To improve the quality of life of its population, creating a better environment for 
improving health and well-being.   
.To adapt the city to climate change and mitigating its effects  
.To increase recreational areas, accessibility and public use of green areas.  
.To protect culture, landscapes, and to promote a sense of identity.  
 
Vitoria-Gasteiz is expected to face some climatic challenges such as changes in 
rainfall patterns, increase in the risk of flooding, increase in temperatures and 
heatwaves events. Therefore, it is important to generate new green areas, to 
reduce heatwaves impacts, and to mitigate and adapt the city to climate change 
impacts (Vitoria-Gasteiz City Council, 2014).  
 
The strategy is related to other existing plans, like the Biodiversity Conservation 
Strategy or the Plan for climate change adaptation, which also encourages 
creating more green spaces to mitigate and adapt the city to climate change. 
 
The initial UGI strategy in Vitoria-Gasteiz, proposes an interconnected network 
of green spaces that considers Landscape Ecology principles. Each element of 
the network has its own function within the whole. The primary network, which 
supports the rest of the green spaces and the city, is composed by: 
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• Core elements:  they have a high level of naturalness and conservation, and 
are located close to the city. 
• Nodes: they are green spaces within the city. Because of their size and 
location, they represent structural parts of the urban green system. 
• Connectors: they are linear structures; its central function is to connect 
different core elements and nodes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Vitoria-Gasteiz Urban Green Infrastructure. Source: The Urban Green Infrastructure 
Of Vitoria-Gasteiz, Proposal Document, Environmental Studies Centre, Vitoria-Gasteiz City 
Council, Vitoria-Gasteiz, 2014, www.vitoria-gasteiz.org/ceac. 
 
An outer green ring, composed of numerous parks and semi-rural areas, 
surrounds the city and the interior green rings within the city. Other elements 
involved are urban parks, ecological corridors (connecting different elements), 
vacant plots (that were transformed into new green spaces) and green facades. 
An increase in the number of trees in parks and gardens was promoted. 
Interventions to increase urban biodiversity, improve native species and water 
management was encouraged, as well as, promotion of ecological agriculture in 
peri-urban spaces. 
 
The urban renovation of the Gasteiz Avenue, involves eco-design, construction 
of a restored river corridor, green facades, plantation of trees, construction of 
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car-free streets, creation of vertical gardens with native species, reduction of air 
pollution and enhancement of the quality of the environment. Interventions have 
also started in other areas of the city with the same intention of redeveloping 
green areas and free spaces.  
 
 
Figure 9. Multifunction urban green infrastructure in Vitoria-Gasteiz. Interior green belts. Source: 
The interior green belt, Towards an Urban Green Infrastructure in Vitoria-Gasteiz, working 
document, Environmental Studies Centre, Vitoria-Gasteiz, 2012, www.vitoria-gasteiz.org/ceac. 
 
 
During the design of the strategy and its implementation, private stakeholder´s 
participation process was very important. It helped to create consensus on the 
needs and benefits for the implementation of the strategy. Specific project 
actions, such as tree-planting days and awareness campaigns, included the 
participation of many citizens, students and stakeholders from the private 
sector. Some private participants collaborated in sponsoring part of the 
interventions. 
 
As a result of these actions, the water management system was improved, 
resulting in reduced flood risk, reduction of air pollution, improvement of 
temperature regulation and reduction of the heat-island effect among others. 
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2.1.6.3 BIO 2030 Plan Director Medellín, Valle de Aburrá - Medellín, Colombia 
 
BIO 2030 is a strategic plan that defines main strategies and actions to guide 
sustainable land management and land-use planning of the region at the 
metropolitan level. It is an agreement between the Metropolitan Area of Valle de 
Aburrá and the Municipality of Medellin. In addition, it involves the participation 
of other stakeholders such as local universities, and international organizations.  
 
According to Medellín Municipality, 2011, the plan establishes a model for land 
occupation based on environmental sustainability, regional competitiveness, 
solidarity and social balance criteria.  Three main principles are defined:    
- A compact-polycentric region: to control and contain urban expansion and 
optimize land occupation, where GI role is to consolidate ecological corridors 
with different grades of occupation patterns and environmental conservation. 
- Metropolitan structuring systems to integrate the territory: A series of physical 
elements or systems, which define the main structure of the region, are 
identified. These systems are: natural areas (environment, landscape and 
public spaces), transport and mobility.  
 
The environmental-landscape and public spaces system aim to recover the 
natural potential of the region, which is located on a natural valley. The purpose 
is to consolidate a network of natural and built spaces of public use that 
articulate environmental, ecological, social and cultural functions together. In 
order to do so, some strategic objectives are established: 
- To create a network of metropolitan ecological corridors linked to the 
public spaces, conditioning urban, suburban and rural occupation. This 
network is composed of the elements shown in figure 10. 
- To expand and diversify the possibilities and experiences provided by 
public spaces. To protect historical heritage, ways of life and rural 
landscapes and to improve public spaces qualities 
- To integrate the urban development with the natural hydrology and to 
consolidate the river as a central part of the system of public spaces.  
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- To promote the safe occupation of the land, by conducting a risk 
assessment work to reduce the appearance of new risks 
- To guarantee eco-efficiency and provision of sustainable natural 
resources.  
 
 
 
 
 
 
 
Figure 10. Components from the network of ecological corridors from Valle de Aburrá. 
Source: Medellín Municipality, 2011. 
 
- River and hillside - scenarios for the sustainability of the Aburrá Valley: the 
river is considered as the main centre of activities and must be strengthened as 
an environmental centrepiece and public space. In this purpose, some of the 
proposed main measures are rainwater management through the incorporation 
of different GI elements such as tree cover, infiltration lagoons, green roofs, 
green walls and different bioretention systems. 
 
2.1.7 Barriers to GI implementation  
Regarding some of the limitations found for GI implementation, Matthews et al., 
(2015) state that there is a tendency for path dependence, which represents a 
barrier to institutional change. Another barrier can be a short term perspective 
from part of public organizations, private investors or other stakeholders 
involved, rather than considering a long term vision. Generally, short term 
Suitability Analysis and planning of Green Infrastructure in Montevideo, Uruguay. 
 
 
36 
returns are prioritized over long term values and traditional developments are 
associated with quick returns. Instead, GI developments provide more benefits 
in the long term. Additional benefits such as preventive cost savings or non-
economic benefits such as social or environmental values are not easily 
measured or even considered in cost-benefit analysis (TD Bank Group & 
GlobeScan, 2019).  
 
Other difficulties that may arise in the process of GI implementation are lack of 
coordinated governance between public organizations, private enterprises and 
non-profit organizations, limited public capacity or lack of funds and little 
community engagement. Limited land protection through appropriate laws or 
inexistent regulatory policies for GI implementation may represent barriers as 
they do not consider the promotion of GI implementation. For this purpose, 
regulations need to be updated for stronger policy support to GI (TD Bank 
Group & GlobeScan, 2019).  
 
Increased maintenance work and its associated costs may represent another 
obstacle considered for GI implementation. Lastly, possible gentrification effects 
might occur from investment in GI (ARUP, 2014). Possible changes in the 
socio-economic character of the area may result in increased property values 
and may force the displacement of low-income inhabitants. In order to avoid this 
negative effect, GI development projects should always consider local 
communities, guarantee that green areas are equally distributed across the 
region or include other developments such as affordable housing projects (TD 
Bank Group & GlobeScan, 2019). 
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2.2 GIS-based studies on Suitability Analysis 
 
Suitability analysis requires the interaction of three main elements, in order to 
have proper results. First of all, it is necessary to have a deep understanding of 
the region where we are working on, as well as comprehension of its main 
issues and goals to guide the process. Also, it is important to be conscious of 
the characteristics and availability of the existing data to combine and use in the 
model. Finally, the rules to rank and weight the criteria have an essential role in 
determining the final results (Kwak, 2016; Ronald & Marney 2012).  
 
Suitability analysis methodologies are developed to address different purposes. 
However, most of the times, they generally involve the following steps:  
- Identify issues and goals that the area or region is facing. 
- Find existing data 
- Establish criteria 
- Rank and weight the criteria 
- Analyse the data with geographic information systems (GIS) 
- Evaluate outputs and results 
 
2.2.1 Land Suitability Analysis (LSA) 
Land suitability analysis (LSA) is the process of determining the most and the 
least appropriate area for a specified purpose (Collins et al., 2001). This 
methodology incorporates multi-criteria evaluation (MCE) and weighted linear 
combination (WLC) methods, with the support of geographic information 
systems (GIS). It combines different data layers or criteria factors to form a 
single index of suitability (Spósito, 2018).  
 
Analytical Hierarchy Process (AHP) is based on expert knowledge and it is used 
in LSA to weight the criteria. Experts weight individual criteria to guarantee that 
the most important criteria have the highest influence on the final results. Each 
criterion is mapped individually and then overlaid to determine the most suitable 
areas for a specific purpose (Examples of common applications of this 
methodology are: land use planning, agricultural suitability, natural resource 
planning, site selection) (Spósito, 2018).   
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According to LSA methodology, our landscape is the result of complex 
interactions among the social, economic and environmental fields (McHarg, 
1969). LSA aims to improve natural resources management while obtaining the 
most benefits possible from each of the fields. Main natural elements, physical 
and biological process should be identified in order to be protected. (McHarg, 
1969; Spósito, 2018).  
 
For this purpose, data from science such as geology, hydrology, soils, ecology, 
wildlife, climate, land use, tidal inundation, vegetation etc., are collected from 
different sources. Also, the social and cultural values of the community should 
be incorporated; these may include buildings with identity value, heritage 
assets, historical landmarks, etc. (McHarg, 1969).   
 
From each data category, the most representative factors are selected. Each 
factor is compiled and represented in a map layer. The data has to be 
interpreted, ranked and evaluated. For each purpose or priority considered, the 
factors with the highest importance need to be determined so that a ranking of 
importance is made and the factors are arranged into a hierarchy (McHarg, 
1969). The overlay of individual factors is made according to weights assigned. 
As a result, a single composite factor or final map is obtained to be evaluated. 
 
2.2.2 Suitable areas for GI localization 
According to Sinnet et al. 2015, the evaluation of suitable areas for UGI 
localization within a certain area should consider the region´s context, 
objectives and its main socio-ecological elements. Socio-ecological elements to 
be considered are listed below.  
- Existing green areas: vegetation cover, protected areas, natural habitats or 
areas with important species of flora and fauna, fertile soils (including location, 
value, size and fragmentation), and areas lacking green elements.  
- Water system: Factors to be considered include main water elements, natural 
drainage lines, and flooding areas. These elements perform ecological and 
social roles and are useful as corridors to create continuity. 
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- Cultural System: cultural heritage, main public centres and facilities with 
social, cultural and recreational functions. 
-  Key infrastructures: main roads and transport lines across the region. They 
are useful to generate corridors and connections of different social and 
ecological elements. 
 
2.2.3 Studies on GIS-based methodologies for GI localization 
A search for international experiences on studies that have looked on 
methodologies for GI localization based on GIS modelling was conducted. This 
literature review was accomplished through databases such as Science Direct, 
Google Scholar, Elsevier, as well as on governmental organizations websites 
that aim to promote the implementation of green infrastructure. 
 
A table with a list of factors was developed. This table includes the most 
repeated factors that appeared among the different studies on GI localization. 
The quantity of times that the factor appeared in the literature is indicated, as 
well as the reference and the specific aim of the studies in which they were 
considered. 
 
For the search, the terms used were: Green Infrastructure; & GIS modelling or 
Suitability analysis or GI localization. 
 
As a result of such search, the list of factors, shown in table 2, was constructed 
according to the different factors found in the diverse studies on Green 
Infrastructure localization and GIS modelling 
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Table 2. Factors considered in different studies on GI Suitability & GIS modelling. 
Suitability Analysis and planning of Green Infrastructure in Montevideo, Uruguay. 
 
 
41 
 
Source: Author's elaboration (see references in Table 2) 
 
 
Table 2 shows the list of factors considered in other studies on GI localization 
based on GIS modelling. In the table, the main objectives or focus of the studies 
are shown. The factors that appeared the greater number of times (those 
factors from the table highlighted with light grey), in studies with similar 
purposes to this research, were pre-selected. A second revision of the factors 
was conducted according to the region´s context and data availability.  
 
The GIS-based methodology developed in this study Green Infrastructure 
Suitability Model (GISM), which is explained in chapter 4 - Methodology, is 
based on the adaptation of the methodologies and studies described in this 
chapter. 
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2.3 GI Synthesis 
 
 GI can be defined as an interconnected network of natural, semi-natural 
and built green spaces, designed for multifunctional purposes. These 
purposes include supporting biodiversity, restoring natural ecosystems, 
improving human well-being and increasing cities resilience (Mell, 2010; 
Pauleit et al., 2011).  
 
 GI provides an increase in the ecosystem services available, supporting 
multiple social, environmental and economic benefits; and contributes to 
increasing cities resilience and adapting them towards the impacts of 
climate change (Hansen et al., 2017).  
 
 GI is based on the following principles:  
Multifunctionality: combines different ecological, social, and economic 
functions increasing offered benefits for the population (Hansen et al., 
2017; Hansen & Pauleit, 2014). Integration: GI is considered as essential 
as traditional infrastructure and aims to be integrated with grey 
infrastructure (Hansen et al., 2017; Pauleit et al., 2011). Connectivity: as 
a network formed by individual green spaces, GI has the capacity to 
increase connectivity and support processes and functions that individual 
green spaces cannot provide by themselves (Mell, 2010; Pauleit et al., 
2011). Social inclusion and collaborative planning process are essential 
(Hansen et al., 2017). Multi-scale: responds to different levels of planning 
(from individual parcels to neighbourhood, city, region, and nation) 
(Hansen et al., 2017; Mell, 2010; Sinnett et al., 2015). Benefits differ 
depending on the location, proximity to the population or area with needs 
and in the uniqueness of the resource (Mell, 2010). Multi-object: All types 
of green spaces contribute to the green network. Multi-disciplinary: GI 
encourages linkages between different disciplines to support and 
enhance the planning process (Hansen et al., 2017).    
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 GI involves diverse elements that vary according to size, scale, level and 
function (Mell, 2010) 
 
 Urban green infrastructure (UGI): is centred on a holistic understanding 
of the relations between social and ecological systems. It has the 
potential to combine both sides, resulting in a more effective way to 
manage complexity (Hansen & Pauleit, 2014).  
 
 The potential of UGI as an adaptation strategy for planning resilient 
urban areas resides in the flexibility and diversity of its components (Mell 
2010; Ramyar & Zarghami, 2017).  
 
 UGI contributes to the adaptation of urban areas towards the impacts of 
climate change because of its capacity to: retain, storage and reuse 
water later, reducing stormwater runoff and floods; increase permeable 
surfaces; regulate local temperature; improve water quality; increase 
buildings efficiency; and provide new habitats for species (Jones & 
Somper, 2014). 
 
 UGI can be adapted to any local context. The different principles can be 
combined to respond to particular challenges that the region faces 
(Hansen et al., 2017). 
 
 International examples on GI application, demonstrate how GI can be 
successfully implemented in spatial planning and promote sustainable-
resilient cities. GI reconnects cities with nature and turns them into a 
more resilient system with the possibility to tackle multiple urban 
challenges, including climate change. 
 
 Suitable areas for UGI localization should consider the region´s context, 
objectives and its main socio-ecological elements (existing green areas, 
biodiversity values, water system, cultural system and key 
infrastructures) (Sinnett et al., 2015).  
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3. Study area: Montevideo 
 
 
Chapter 3. Study area: Montevideo, provides a background on the current 
situation of Montevideo, particularly, about urban and social issues, 
environmental concerns, climate change and existing policies. The purpose of 
this chapter is to provide orientation on the region´s main issues and goals so 
that the related priorities can be addressed with the proposed methodology 
(Chapter 4). 
 
 
3.1 Current situation 
 
Montevideo is the capital of Uruguay and its biggest urban area. It is located in 
the south of the country, on the north bank of the Rio de la Plata. It has an area 
of 530km2 and a population of 1.319.108 inhabitants (INE 2011). Although 
being the smallest department of the country, it is the department with the 
greatest population, with 98,9 per cent of it living in the urban area. Also, it is an 
important economic centre, as more than 50 per cent of the GDP of the country 
is generated there and the main port of the country is located there too. These 
characteristics make important Montevideo´s sustainable development not only 
locally but also at a regional and national scale (IM & 100 Resilient Cities, 
2018). 
 
3.1.1 Urban expansion and social cohesion  
The expansion of urban areas over rural land has been a constant in the region, 
even though population growth has been relatively stable or even had negative 
growth in the last years. The economic crisis in the '70s and '80s contributed to 
the process of urban expansion, expelling population from consolidated urban 
areas. As a result, degradation of some areas of the city and sub-utilisation of 
urban infrastructure occurred (IM & 100 Resilient Cities, 2017). 
 
From the '90s onwards, Montevideo has done a lot of work in planning. Different 
plans such as the “Plan de Ordenamiento Territorial” (IM, 1998) and other 
sectoral plans had tried to improve the development of the area. However, the 
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expected results have not been fully achieved. The unnecessary expansion of 
urban areas exerts pressure on natural resources, resulting in land use conflicts 
and changing the economic and productive values of the land (IM & 100 
Resilient Cities, 2017). 
 
Montevideo Municipality has the objective to reduce urban expansion and to 
transform the rural-urban interphase, which is considered a “strategic area” for 
the region, into an integrated area with the rest of the city (IM, 2012). Peri-urban 
areas have been relegated and degraded. A multiplicity of land uses (such as 
informal and formal settlements, agricultural land, industrial facilities and 
logistics infrastructures) are involved in the urban-rural interface, making more 
difficult the situation (IM & 100 Resilient Cities, 2017). Shortages of 
infrastructures as well as lack of identity are some of the problems found in 
these areas. There are few public areas, and some of the existing ones are in 
no good conditions. These areas lack integrity and connectivity with the rest of 
the city (IM, 2012). 
 
Strategic areas were defined by Montevideo Municipality (see figure 11). 
According to IM, 2012, strategic areas need to be connected and be accessible 
to the rest of the city, so that its significance is increased and social cohesion is 
promoted. Provision of equal opportunities for the whole region, as well as the 
development of a system of quality green areas that guarantees access to 
urban green spaces for all people is needed. 
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Figure 11. Strategic Territories (IM, 2012) 
 
Figure 11, illustrates the strategic areas defined by Montevideo Municipality, for 
the development of the region (IM, 2012). These areas include Santa Lucia 
wetlands, arroyo Las Piedras basin, arroyo Carrasco basin, arroyo Pantanoso 
basin, arroyo Miguelete basin, the coast, the central area of the city, and the 
urban-rural interface. 
 
3.1.2 Environmental concerns 
Unplanned urban expansion has impacted natural resources, resulting in 
environmental conflicts, degradation of productive soils, contamination of 
watercourses, loss of biodiversity and deterioration of fragile ecosystems. The 
rural sector represents 62% of the area of Montevideo and has a fundamental 
role in the sustainability of the region. More than half of the national 
consumption of vegetables is produced in this area. Besides the importance of 
the rural area because of its agricultural production, the rural area is a large 
green sector, which has high environmental values and significance for the 
whole region (IM & 100 Resilient Cities, 2018). 
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Figure 12. Main territorial concerns and degradation of natural resources in Montevideo (IM, 
2012). 
 
3.1.3 System of green areas 
The existing Plan for Montevideo, (IM, 1998), and its complementary guidelines 
for planning (IM, 2012), defined the system of green areas for Montevideo, 
which includes green and blue elements that connect the urban and rural areas. 
Blue elements include Montevideo´s bay, the coast (Río de la Plata), streams 
(Miguelete, Pantanoso and Carrasco) and Santa Lucia River. Green elements 
are composed of parks, squares, street trees, public and private trees and 
significant ecological areas. 
 
The aim of the system is to contribute to the protection of the environmental 
qualities and to ensure population have public access to nature.  The plan 
establishes the protection and special management of these areas, the creation 
of new green spaces in areas where they are needed the most, and the 
inclusion of protected areas. Protected and ecological areas are natural areas 
of importance due to its high ecological and biodiversity values (IM, 1998). 
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Figure 13. System of Green Areas in Montevideo (Yellow: significant ecological areas; Green: 
parks and squares; Blue: green main roads; Red: the coast and de la Plata River). Source: IM, 
n.d, Plan Nº1.27 System of Green Areas. 
 
The existing plans recognize the importance of green areas in the consolidation 
of an identity and quality for the city. The objectives in the plan regarding green 
spaces include: creation of new spaces and improvement of existing ones, to 
establish a hierarchical network of green routes, to develop the relationship 
between the city and its main geographical elements and to integrate a system 
of green spaces at the departmental level (IM, 1998). 
Green elements include large size parks, squares, green streets, trees, and 
vegetation from public and private ownership. Green streets cover 
approximately 2.500 km, their main components are trees and small areas 
covered with grass and non-permeable pavements. The Tree Maintenance 
Program together with the local municipalities are in charge of the maintenance 
and replacement of the species, changing of older trees, pruning, or plantation 
of new trees in streets or public areas (Vásquez et al., 2017).   
However, there is no specific action plan for increasing biodiversity or greening 
the city. During the last years, the Municipality has been working on a proposal 
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for a special plan for the development and conditioning of public spaces for 
Montevideo. This plan could have resulted in a more precise action plan for the 
implementation of green infrastructure (GI) (Vásquez et al., 2017). 
 
 
3.1.4 Climate Change 
Montevideo is a coastal city, which makes it especially vulnerable to the effects 
of climate change such as floods, storm surges, or sea-level rise. According to 
Montevideo Resiliente, 2018, there are three main impacts affecting the region 
that are related to climate change and extreme weather events. These impacts 
are: severe storms, winds and heavy rains, pluvial flooding and housing, trees 
and infrastructure collapse.  
 
Changes in rainfall patterns are already affecting the region. In the last decade, 
Uruguay has been affected by more frequent-severe floods and droughts. In the 
year 2015, as a consequence of floods, at least 20.000 people had to be 
evacuated from their houses in urban areas (MVOTMA, 2018). The analysis of 
historical precipitations for the last 30 years indicates a change in the annual 
rainfall and confirms a growing tendency in the annual precipitation values for 
the region. It is expected that average precipitations increase in the whole 
country between 10 and 20 per cent, with high seasonal variability (MVOTMA, 
2018).  
 
The increase in quantity and intensity of precipitations will result in an increase 
in floods and damages for land, public services and infrastructures. As a result 
of climate change, these problems are expected to increase in the future. 
Floods are becoming more severe and its associated damages to housing and 
infrastructures are increasing (Plan Climático Región Metropolitana, 2012).  
These impacts especially affect areas close to watercourses. Floods are one of 
the existing environmental challenges the city is facing. They particularly affect 
vulnerable population living in floodplains associated with the main 
watercourses (IM, 2018).  
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Not only marginal areas are being affected. According to SEPS 2017, within 
Montevideo´s consolidated urban area, there are central sectors affected by 
floods. The floodable areas are determined by the return period curve of 100 
years. The population living within these areas is estimated to be around 
203.500 inhabitants. 
 
Urban areas are already facing deficiencies in urban drainage systems during 
heavy rains. Some sectors of the central urban areas of the region are being 
affected by pluvial floods. This occurs especially when heavy rains or extreme 
weather events take place in a very short period of time. The expected increase 
in the frequency of extreme weather events and floods in the future must be 
considered in the planning of the city (Piperno & Sierra, 2010). 
 
The historical analysis of the annual mean temperature in Uruguay, from 1980 
to 2014, shows an increasing trend in the evolution of the annual mean 
temperature, resulting in the year 2014 as one of the warmest years. It is 
projected that the temperature in Uruguay increases up to 2-3 Celsius degrees 
for the year 2100 (MVOTMA, 2018). 
 
According to Plan Climático Región Metropolitana, 2012, an increase in the 
mean temperature and in the frequency of heatwaves can be expected for the 
region, as well as a decrease in the frequency of cold waves. The number of dry 
days will increase and this will lead to more frequent droughts. During droughts 
periods there will be problems with water availability. 
 
The Coast of the Rio de la Plata has great importance for the region. It is the 
main democratic and public area, with economic, landscape and heritage 
values. It is one of the main touristic attractions of the region, the main port of 
the country and some of the densest areas of the city are located there. 
Extreme weather events have affected its environmental characteristics and 
ecosystems, besides putting at-risk infrastructure and housing located there. 
Mainstreams (Pantanoso, Miguelete y Carrasco) are being affected too 
because of climate change, especially because of the increase in frequency and 
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intensity of rains that affect uncontrolled urban development happening in 
floodable areas (IM, 2018). 
 
3.2 Related policies and plans  
 
Currently, in Montevideo, there is no existing strategy or specific policies for the 
application of urban GI as an integrated approach in the planning of the city. 
Although the city is facing different urban challenges, no integrative actions are 
being developed to respond.  Some of these challenges include water 
contamination, climate change, biodiversity loss and urban floods (Vásquez et 
al., 2017).  
 
The Uruguayan constitution and other existing policies and laws, such as the 
law Nº18308 “Ordenamiento territorial y desarrollo sostenible” highlights the 
importance and assign priority to objectives such as protection of the 
environment, management of water courses, response to climate change and 
protection of biodiversity (Vásquez et al., 2017). 
 
GI can be a suitable tool to address these strategic objectives and challenges 
that the region is facing.  GI can contribute with innovative solutions to these 
issues. For example, infiltration, water quality and runoff can be improved, with 
the implementation of GI, resulting in a reduction of floods. Therefore, GI 
represents a great opportunity to be developed in relation for example to 
watercourses quality and management (Vásquez et al., 2017). 
 
3.2.1 NAP - cities and infrastructures  
Within the framework of the National Climate Change Policy, the initiative 
“National adaptation plan for cities and infrastructures” was launched in May of 
2018. The plan aim is to focus on the adaptation of cities and infrastructures to 
climate change by reducing its vulnerability and increasing its resilience, as well 
as to integrate climate change adaptation measures into specific planning 
strategies for the development of cities and local planning.  
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Three main strategies are established in the plan for the adaptation of urban 
areas; these strategies are:  
- To increase green areas within cities in order to achieve a better capture 
and management of rainwater, control temperature and reduce the heat 
island effect, increase carbon sequestration, reduce air pollution and 
greenhouse gas emissions. At the moment the plan is still in the initial 
stages of training and study  
- Densification of climate change safe zones in order to reduce energy 
consumption and CO2 emissions in transport and energy systems, 
reducing population and cities risks.   
- Promotion of efficient construction materials, solar passive systems and 
other sustainable processes for buildings so that the energy consumption 
for heating and air conditioning systems is reduced, helping to cope with 
future heat waves (MVOTMA 2018). 
 
This plan aims to involve the active participation of the private sector in the 
adaptation strategies for cities and infrastructures. The private sector is a key 
actor as it is closely involved in the design and construction of built spaces, 
public infrastructure, housing and other urban buildings (MVOTMA 2018).  
 
3.2.2 “Montevideo Resiliente” Strategy 
Resilient Montevideo is a preliminary resilience assessment strategy. It was 
done in partnership between the Municipality of Montevideo and 100 Resilient 
Cities, an initiative promoted by the Rockefeller Foundation. The preliminary 
assessment identifies challenges, emergent issues, principles and areas, which 
are considered relevant and critical for the resilience of Montevideo (IM & 100 
Resilient Cities, 2017).  
 
Resilient Montevideo Report, 2017, analyses the impacts and tensions that the 
region is facing. The main impacts identified are severe storms, winds and rains 
(with high frequency), floods and collapse of housing and infrastructure. On the 
other hand, the key tensions are related to public transport (inadequate 
system), traffic and vehicular congestion, access to housing, informal 
settlements, uncontrolled urban development and land use, economic 
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inequality, lack of social cohesion, ageing population, climate change, risk 
management, severe storms, flood by rains, infrastructure collapse, 
environmental degradation, loss of biodiversity, ecosystem management 
education and environmental policies and waste management. 
 
The strategy is organized in 4 main themes which are divided into 14 objectives, 
and 45 proposed actions, which attempt to tackle the main challenges identified 
in the preliminary resilience assessment (IM & 100 Resilient Cities, 2018).   
 
Other, specific initiatives, such as the one elaborated by the sanitation division 
of Montevideo Municipality, attempt to develop and document initiatives that 
include resilient strategies related with sanitation, urban drainage, stormwater 
management and fluvial floods, to promote low impact development strategies 
such as GI (IM, 2017). 
 
As a conclusion, the regulatory framework and existing policies in Uruguay, 
does not mention explicitly the concept of GI. However, it does reflect its 
interest in topics such as protection of the environment, water management, 
acting towards climate change and protection of areas with high ecological 
values.  Based on the above considerations, GI is useful as an innovative 
alternative to tackle some of the strategic objectives and priorities for the region 
such as water contamination, mitigation and adaptation to climate change, 
enhance of biodiversity and protection of the natural environment. 
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4. Methodology 
 
 
Chapter 4. Methodology, explains the methodology developed to identify priority 
areas for GI localization. As a reference to build the methodology, examples 
cited in chapter 2 (Literature review) and issues and data from chapter 3 (Study 
area: Montevideo), were used. Existing sources and data, selected priority 
issues, factors selection, criteria maps, factor weighting and application of the 
methodology, are described in this chapter. 
 
 
Figure 14. GISM Methodology. Author´s elaboration based on suitability analysis methodologies 
(see chapter 2.2 - GIS-based studies on Suitability Analysis).  
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The GIS-based methodology developed in this study, “Green Infrastructure 
Suitability Model” (GISM), is based on the LSA methodology and in other similar 
methodologies that are focused on GI localization and GIS modelling. See 
chapter 2.2 - GIS-based studies on Suitability Analysis. 
 
The main purpose of this methodology is to identify priority areas in need of 
green infrastructure localization in Montevideo. The first step of the 
methodology, Study area - Identification of site issues and goals, is described in 
chapter 3: Study area: Montevideo. The following steps of the model are 
described below. 
 
4.1 Existing sources and data collection  
 
Most of the data used for the Green Infrastructure Suitability Model (GISM) was 
taken from publicly accessible digital databases. Digital databases are detailed 
below:  
- “Intendencia Municipal de Montevideo” (IM), The geographic 
information system from Montevideo´s Municipality (IM SIG), was used to 
get data (shape files and reports) such as location of public services 
(includes education centres, health centres, transport terminals), city´s 
centralities, main commercial zones, population with unsatisfied basic 
needs, existing green areas and free spaces, preferential planning uses; 
streets and roads system, existing trees, water elements and 
municipalities.  
Furthermore, data about runoff coefficients and TR100 was obtained 
from “Estudios y Proyectos de Saneamiento (SEPS), División 
Saneamiento, IM”. 
 
- “Ministerio de Vivienda, Ordenamiento Territorial y Medio 
Ambiente” (MVOTMA), particularly from “Dirección Nacional de 
Medio Ambiente” (DINAMA), Dirección Nacional de Ordenamiento 
Territorial (Dinot) and its information system “Sistema de Información 
Territorial (SIT)”, was used to obtain geographic data such as land 
cover and ecological and protected areas. 
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- “Instituto Nacional de Investigación Agropecuaria” (INIA), 
geographic data about soil´s biophysical characteristics and natural 
floodplains, were collected, particularly from SIGRAS, which is the 
geographic information system from INIA.  
 
- “Instituto Nacional de Estadística” (INE), data from the national 
census of 2011 was taken from the digital database from INE. 
 
- “Ministerio de Ganadería Agricultura y Pesca” (MGAP),  particularly 
the “Dirección General de Recursos Naturales” (DGRN), was 
consulted to obtain the digital terrain model (DTM), which was then used 
to determine other factors (such as elevation, slope or natural drainage 
lines) using ArcMap 10.5.1 tools. 
 
- NASA, EarthData, the data for Summer Land Surface Temperature, was 
collected from NASA Socioeconomic Data and Applications Center 
(SEDAC). The data was elaborated by the Center for International Earth 
Science Information Network (CIESIN), Columbia University. 2016.  
 
 
4.2 Selection of priority issues  
 
Taking into account the current situation of the region, the main tensions and 
impacts that the region is facing and the existing plans and policies with its aims 
and objectives (described in sections 3.1 and 3.2), four main priority issues are 
selected to be addressed with the implementation of green infrastructure (GI). 
The issues selected (listed below) will serve as priorities to weight and evaluate 
factors and the location of future GI. 
 
Issues selected: stormwater management; local temperature regulation; 
population inclusion and proximity to public green spaces; and increase of 
biodiversity.  
 
Suitability Analysis and planning of Green Infrastructure in Montevideo, Uruguay. 
 
 
57 
 
- Stormwater management 
Stormwater management can be considered as one of the main concerns in 
urban areas. As impervious surfaces increase, natural hydrology is modified. 
Urban development covers natural land with impervious surfaces, modifies and 
channels watercourses. As a consequence, the natural hydrological cycle is 
altered (Sinnett et al. 2015). 
 
During intense rainfall, water flow overwhelms traditional infrastructure´s 
capacity. Pipes and treatment plants cannot manage such large flows of water. 
Water that falls on impervious surfaces is not able to infiltrate into the ground, 
causing flooding in streets and housing. Stormwater runoff increases and 
accumulates pollutants that are present in the streets. Additionally, when 
sewerage systems overflow, water is directly discharged into watercourses 
without being treated causing the contamination of streams and rivers (NACTO, 
2017). 
 
With climate change, cities face increasing intensity in rainfall events and more 
persistent drought conditions, requiring a more flexible infrastructure to cope 
with future conditions (Revi et al. 2014). Urban areas need to treat stormwater 
as a valuable resource to be managed. GI implementation integrates natural 
systems into urban areas and reconnects urban areas with the natural water 
cycle, with the purpose to promote urban resilience (NACTO, 2017). 
 
GI increases infiltration levels and helps to reduce stormwater runoff. GI 
involves different systems to collect, retain, treat, and reuse water, or to 
infiltrate, storage, transport and evaporate water, so that it reduces and delays 
the maximum peak flow, resulting in a more natural water balance. This reduces 
flooding and sewer system exceedance. The use of vegetation and soil for 
rainwater management provide at the same time other environmental and social 
benefits such as improvement of water quality, as pollutants can be filtered 
through soils, and increase of natural areas for wildlife and recreation (Sinnett et 
al. 2015). 
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- Population inclusion and proximity to public green spaces    
Accessible and abundant urban green spaces can be used as an indicator to 
determine sustainable-liveable cities. According to Sinnett et al. 2015, 
numerous studies have shown a positive relationship between green space 
availability, social relationships, health and well-being. Urban green spaces play 
a significant role in social cohesion across different sectors of society, 
encourage sense of community and promote people’s social networks. They 
also make possible interactions across different cultures and groups, promoting 
social inclusion.   
 
On the contrary, a lack of green space has been associated with isolation and 
less social support among the population (Sinnett et al. 2015). GI should be 
provided equitably, especially in neighbourhoods that have social and 
environmental disadvantages and lack of green spaces (NACTO, 2017). 
 
- Local temperature regulation 
High-density urban areas, with little green cover and large impervious surfaces, 
experience higher air temperature than their surroundings, especially during the 
summer season. Priority sites for GI developments should be located in these 
areas (Norton et al., 2015). Well-designed GI can be very effective to reduce 
heat in urban areas, cooling high urban temperatures. The cooling effects will 
vary according to the location and density of the vegetation (Sinnett et al. 2015).  
The shading provided by trees to concrete surfaces, evapotranspiration, and 
airflow through green areas, has a positive cooling effect in the surrounding 
areas (Jones & Somper, 2014; Meerow & Newell, 2017). 
 
- Increase of biodiversity 
The increase of biodiversity within urban areas has positive effects on human’s 
lives as it provides with essential ecosystem services (Hansen et al., 2017). On 
the contrary, biodiversity loss impacts negatively, reducing ecosystem services, 
decreasing resilience to changes and increasing the effects of climate changes. 
Researches show that biodiversity has strong impacts on human physical and 
psychological health, on the society, culture and for the economy. Urban 
planning should promote the conservation and restoration of biodiversity, to 
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support the wellbeing of its population and restate the relationship between 
humans and nature (Pedersen Zari, 2018). 
 
Based on these four priorities, the diverse factors selected are weighted 
differently according to their influence on the issue considered. Changes 
between the suitability maps obtained for each of the four different priorities 
demonstrate the importance of considering each particular issue and how the 
results can vary according to the objective considered and the weights assigned 
(see chapter 4.6 for the description of each priority issue). 
 
 
4.3 Selection of factors for suitability evaluation  
 
For the selection of the factors, the specific context of the region, its challenges 
and goals were considered. Also, the selection is based on the literature review 
which takes into account different studies on the topic. The cases selected as a 
reference, shown in chapter 2.2, provide guidance to this research, advice on 
the criteria to consider, the rank and the weights, as long as they deal with a 
comparable purpose. Finally, the selected factors are determined according to 
the available data for the region.  
 
Each factor has a different weight in the model. Weights may vary according to 
the priority issue that is being considered. The factors selected (see figure 15) 
are: population density, behavioural exposure, population with unsatisfied basic 
needs (UBN), population lacking access to green areas, topography (considers 
land slope, elevation and flow accumulation), biodiversity and existing 
vegetation, water elements and floodplains, land cover, basin permeability, 
proximity to green areas, distance to main roads, planning uses and surface 
temperature. 
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Figure 15. Correlation between region´s issues and the most influential factors for each issue. 
Author´s elaboration. 
 
Each individual factor is mapped. Its values are ranked and reclassified in 
ArcMap 10.5.1 with the reclassify tool. For the reclassification, its values are 
correlated to a range of suitability values, which are graded from 1 to 5, in a 
new data layer. This process of reclassification is done before combining the 
different factors. Each cell of the factors´ map contains a suitability value, where 
the least suitable values for a specific objective are represented with one, while 
the most suitable values are indicated with five (see table 3).  
Individual reclassified layers (one for each factor), are then weighted and 
combined with the rest of the layers. The purpose it to obtain a single suitability 
map for each priority issue. Weights are assigned according to the objective, 
based on the literature and experts knowledge. Single suitability values are also 
numerical values ranged from one (least suitable) to five (most suitable). 
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The selected factors are discussed in the following lines. They were chosen 
with the aim to detect areas or locations in need for the benefits derived from GI 
localization.  
 
4.3.1 Socioeconomic factors 
GI development is encouraged in areas with high population density and great 
behavioural exposure. According to Norton et al., 2015, behavioural exposure 
refers to areas where high concentrations of active people are exposed, such 
as main economic, commercial and social centres. These factors are 
considered because of the direct benefits that GI has when it is located close to 
people. GI will result in higher benefits when it is located close to the population 
and to the areas in need (Mell, 2010). Another important factor to consider is 
the areas with the population with the lowest socioeconomic levels. These 
areas should be prioritized as they represent sectors with fewer possibilities of 
accessibility (UN Environment, 2019).   
 
- Population Density (see Map SE.1) 
Population density data is taken from IM SIG and from the latest National 
Census from INE, 2011. This factor represents the demand of the population for 
green space. More people living in a certain area need more open green space 
to increase their quality of life and improve the environment where they are 
living (Kwak, 2016). For this reason, high-density areas will be ranked as high 
suitable areas, while low-density areas as low suitable areas. 
 
Population density - reclassify: >300hab/ha (r=5), 200-300 hab/ha (r=4), 100-
200 hab/ha (r=3), 50-100 hab/ha (r=2); <50 hab/ha (r=1). 
 
- Behavioural exposure (see Map SE.2) 
This factor considers the areas of the city where there is the highest daily 
population flow and activities. It includes areas where people are active 
outdoors, such as public services (includes education and health centres), 
transport terminals, city centres and main financial and commercial zones. 
According to Norton et al., 2015, these areas should score highly, especially for 
heat mitigation. 
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In Mauttone & Hernández report´s (2017), for the results of the mobility survey 
taken place in the metropolitan area of Montevideo, the outbound trips and 
incoming trips for each area in the region are analysed. In the analysis of daily 
trips is observed that the area with the greatest production and attraction of trips 
is Municipality B of Montevideo (that attracts population from all the rest of the 
region), followed by Municipality CH. 
 
Municipality B is the historical centre of the region and also one of the areas 
with the greatest number of public, commercial, educational and health services 
located there. While municipality CH, besides having important commercial and 
financial centres, is one of the areas with the highest population density 
according to the latest National Census (INE, 2011). 
 
The location of city centralities (main commercial and services areas) defined 
by the IM, and public services (such as universities, high schools, primary 
schools, health centres and transport terminals) are taken from IM SIG. These 
areas are also considered as areas with high behavioural exposure. They have 
a great concentration of people during the day hours, for this reason, they are 
considered as areas with very high suitability for the implementation of GI. It is 
important to adapt these areas to the increase in temperatures in the future and 
to improve the thermal comfort of large sections of the population (Norton et al., 
2015). The proximity or distance to these areas will determine the suitability 
factor assigned to each parcel. 
 
Proximity to areas with high Behavioural exposure: areas with high behavioural 
exposure / multiple ring buffer / reclassify: <50m (r=5), 50-100m (r=4), 100-
250m (r=3), 250-500m (r=2); >500m (r=1). 
 
- Unsatisfied basic needs (UBN) (see Map SE.3) 
As a factor to contemplate the socioeconomic level of the population, the 
percentage of unsatisfied basic needs indicator is considered. This data is taken 
from IM SIG. It shows the percentage of households with unsatisfied basic 
needs according to the segments of the latest National Census from INE, 2011. 
For the determination of the level of satisfaction of basic needs, housing 
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conditions, water supply, energy supply, sewerage type, informal jobs and 
overcrowding are evaluated.  
People in a disadvantaged situation or living in low socioeconomic conditions 
are more vulnerable. They are generally more exposed to risks associated with 
environmental degradation and climate change effects and have less access to 
distant green-natural environments (UN Environment, 2019). Prioritizing these 
areas for provisioning of GI is a question of social justice (Norton et al., 2015).   
 
NBI - reclassify: >42% (r=5), 25,01-42% (r=4), 10,01-25% (r=3), 3,01-10% (r=2); 
<3% (r=1). 
 
- Population lacking access to green areas (see Map SE.4) 
This factor considers population density in relation to existing green areas. The 
layer of population density is intersected with the layer of existing green areas 
so that greater weight or emphasis is placed on high-density areas located 
away from existing urban green spaces. 
 
4.3.2 Biophysical factors 
The main environmental and physical elements of the region are identified. 
According to McHarg, 1969, these aspects are essential components of the 
region. The model aims to recognize them and ensure that natural values and 
processes are protected.  Data such as topography, hydrology, water elements, 
floodplains, soils, biodiversity, existing vegetation and land cover, are collected, 
mapped and evaluated. 
 
- Topography (see Map BiE.1) 
The topography and the hydrological context of the region are analysed using 
the hydrology tools from ArcMap 10.5.1. Hydrological modelling combined with 
the use of the digital terrain model (DTM), have a great potential to delineate 
the natural drainage system and its characteristics. 
 
The DTM used, was elaborated by the DGRN-MGAP. It is a raster file with a 
spatial resolution of 30 x 30 meters and interpolation accuracy between points 
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of 2.5 meters. It was developed based on the use of topographic contours, 
hydrography data, corrected level points, lakes and lagoons. Aiming to improve 
the final result, possible imperfections from false depressions of the model were 
eliminated. 
 
In this study, the DTM was used to determine the following factors: land 
elevation, land slope and flow accumulation. The DTM from DGRN-MGAP was 
elaborated for all the country, so the file was clipped for the extent of the region. 
 
Elevation (see Map BiE.1_2) 
According to a study conducted by the “Dirección Nacional de Hidrografía” 
requested by the IM, the flood benchmark level for the Rio de la Plata, which 
considers the value defined as the 100-year return period flood, is TR100 
3.83Wh. This data considers maximum tidal levels from the year 1898 to 2011. 
However, it does not consider safety coefficients or the effects of sea-level rise 
because of climate change. With the purpose of taking this into consideration, 
the TR100 value is increased 0.50m, resulting in 4.33m Wharton (SEPS, 2019). 
 
On the other hand, the “Digesto Departamental” of Montevideo, establishes that 
all new buildings and structures have to be built above a minimum construction 
level called “Cota Bajo Riesgo”. This value is defined as 4,90 m (Wharton). 
Exceptions exist for some areas where these minimum levels are 5.20 y 5.50m 
Wharton (IM, n.d).  
 
Elevation - reclassify: 0-5,50m (r=5), 5,50-20m (r=4), 20-40m (r=3), 40-70m 
(r=2); >70m (r=1). 
 
Flow accumulation (see Map BiE.1_3) 
Flow accumulation is determined using the hydrology tools from ArcMap 10.5.1. 
As a result of the existing topography, land slope and land levels, water flows 
over the land. Flow accumulation shows the drainage lines where water flows 
naturally and is accumulated on the surface as a consequence of Montevideo´s 
natural topography. It is important to mention that the natural movement of 
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water is affected by constructions and by the type of surfaces among other 
aspects, which are not considered in this factor.  
 
Flow accumulation does not show the real hydrography. It shows the 
hydrography resulting from the DTM in natural conditions. Within rural areas, 
this generally coincides with reality. However, in urban areas where natural 
drains were modified because of sewerage works, it does not reflect reality. 
Moreover, here is not being considered the different percentages of surface 
permeability or the soil infiltration rate due to a lack of detailed data. However, 
some of these factors will be considered to some extent in section 4.3.3 - Built 
Environment Factors.    
Flow accumulation - reclassify: very high concentration (r=5), very low 
concentration (r=1). 
 
Slope (see Map BiE.1_4) 
Slope is an important factor to be considered for stormwater management. Land 
surface slope will determine in part the speed of the surface runoff. Some slope 
is positive for this purpose, to allow rainwater to flow naturally over the surface, 
slopes from 1,9 to 5 or 6 per cent are ideal. Very low slopes, from 0 to 1.9 per 
cent, are not preferred as water will be likely to pond in these areas. Very high 
slopes will cause water to move too fast, resulting in less percentage of water 
infiltration what is undesirable as well. Although land slope can be artificially 
modified it is always better and less expensive to consider natural water runoff 
(MACC, n.d). 
Slope - reclassify: 1,9-5% (r=5), 0-1,9% ; 5-8% (r=3); 8-15% (r=1). 
 
Infiltration Rate - Infiltration Rate is related to the type and composition of the 
soil and is defined as the speed by which water can pass through the soil. Soils 
with high infiltration rates are preferred as they are capable to infiltrate larger 
volumes of stormwater faster (EPA, 2011). 
 
Despite Infiltration rate being an influential factor, it is not considered for this 
study. The reason is that the available data for soils within the region 
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corresponds to the natural soils groups. Natural soils do not relate to the 
characteristics of soils within urban areas as they are generally modified 
because of soil compaction and other modifications. Compaction modifies the 
natural infiltration capacity of soils, decreasing its water infiltration capacity. 
Furthermore, the information provided by SIGRAS-INIA did not expose 
remarkable differences in the soil characteristics within the region. 
 
- Biodiversity and Existing Vegetation (see Map BiE.2) 
The biodiversity and Vegetation layer is constructed overlaying the following 
data obtained from Montevideo Municipality:  
 
- Significant ecological areas, they are defined by IM, 2012. These areas 
are natural areas of importance due to its high ecological value. They are 
associated with watercourses or with areas with high biodiversity and 
landscape values. The plan establishes the protection and special 
management of these sectors.  
- System of Green Areas, it includes the urban green areas, such as parks 
and squares, trees, street greenery, the coast and watercourses. The 
system of green areas it is also defined by IM, 2012.  
- Agricultural priority area and protected natural landscape, these areas 
are defined by IM,1998, as the green belt or the rural sector around the 
city, which contains rural and agricultural areas, as well as many of the 
natural protected areas. Some of these protected areas include the 
natural landscape of Santa Lucia and Rincon de Melilla wetlands, and 
the area of environmental recovery of Carrasco wetlands. For these 
areas, existing laws encourage the development of compatible land uses 
with the preservation of environmental values. 
 
Biodiversity and Existing Vegetation - reclassify: significant ecological areas 
(r=1), Green Areas & Agricultural priority area (r=2), No vegetated areas (r=5). 
 
- Watercourses, Floodplains and TR100 (see Map BiE.3) 
Main watercourses in Montevideo include Miguelete, Pantanoso, Las Piedras y 
Carrasco streams, part of Santa Lucia basin and the Rio de la Plata. The coast 
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and main watercourses play a strong role in the green spaces system. They are 
relevant geographic elements that characterize the city and are integrated with 
the system of green spaces at the departmental level (IM, 1998). 
Watercourses structure the city and its territory creating bonds of urban-rural 
continuity. At the metropolitan level, the green belt is intended to improve 
population quality of life, preserve and restore watercourses, and generate a 
network of ecological areas for touristic and recreational land uses (IM,1998). 
For the model, the following layers are overlaid: 
- Watercourses, include main watercourses as well as minor water 
elements existing in Montevideo. This layer was obtained from IM SIG, 
2019. 
- Natural floodplains, this data was taken from SIGRAS INIA, 2019. All the 
soils classified as with occasional flooding, short flooding, long flooding 
and always flooded are considered for the model.  
- TR 100, this layer was elaborated based on the document “Medidas de 
Resiliencia para Montevideo - Inundaciones y Saneamiento” developed 
by SEPS - IM, 2017. The TR 100 shows the approximate floodable areas 
for a return period of 100 years. It was constructed by the IM with 
hydrodynamic models including the consideration of internal streams 
within the region.    
Watercourses, Floodplains and TR100: Multiple ring buffer / reclassify: <10m 
(r=5), 10-100m (r=4), 100-250m (r=3), 250-500m (r=2), >500m (r=1).  
 
- Land Cover (see Map BiE.4) 
The land cover data is obtained from SIT MVOTMA, 2019. The land cover layer 
was elaborated by MVOTMA, based on photointerpretation of Landsat satellite 
images, complemented with information of other institutions and images from 
Google Earth. The last update of the layer is from 2015. The images used have 
a spatial resolution of 30x30 meters and a scale of 1:100.000. 
Urban land cover data for the year 2018 is being elaborated by DINOT 
MVOTMA based on the processing of Sentinel images with a higher resolution. 
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This data is still being developed and is not publicly accessible yet. However, 
preliminary information from part of this work is used in this thesis to identify 
urban green cover so that it is possible to count on more detailed information 
within the urban areas.  
 
Figure 16. Montevideo Land Cover Map. Source: Adapted from MVOTMA, 2015 y 2018.  
 
For the purpose of using the data in the model, the different classifications were 
then grouped in different sets. 
Land Cover - reclassify:  
- Natural waters, flooded areas, Natural herbaceous, Native forest, (r=1) 
- Artificial Waters, Shrubs, Forest, urban vegetation, (r=2) 
- Agriculture, Crops and Fruit trees, (r=3) 
- Dispersed urban areas, "Naked" areas, Urban Equipment, (r=4)  
- Dense urban areas, Quarries and mining, (r=5) 
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4.3.3 Built Environment 
The unnecessary expansion of the urban area has been a constant in the 
region, despite the fact that its population did not increase significantly. As a 
result, inefficient use of the urban infrastructure, increment of urban land prices, 
pressure on natural resources and land-use conflicts occurred.  To increase the 
region resilience, it is necessary to use more efficiently its existing built 
infrastructure and to enhance its interaction with its rural surroundings and 
natural areas (IM, 2018). 
 
- Basin Permeability (see Map BuE.1) 
Montevideo is divided into seven large basins: Arroyo Carrasco, Arroyo 
Miguelete, Arroyo Pantanoso, Arroyo Las Piedras, Rio de la Plata Este, Rio de 
la Plata Oeste y Rio Santa Lucia. SEPS IM subdivided these large basins into 
micro basins with the purpose of working in urban drainage. An average “C” 
runoff coefficient was developed by SEPS for each micro basin. This value 
results from the relation between permeable areas and impervious areas within 
each micro basin. As a result, each micro basin is assigned with an average C 
value which ranges from 0 to 1.  A "C" value close to 0 means that permeable 
or natural surfaces cover the greatest percentage of the basin, while a "C" close 
to 1 means the opposite, a basin where its major area is covered by impervious 
surfaces (SEPS, 2019). 
 
Due to a lack in detailed information or high-resolution data about percentages 
of permeable or impervious surfaces, the estimated runoff coefficients 
developed by SEPS IM, which are an average for each micro basin, are 
considered as a proxy for the purpose of this study. Particularly, it is used the 
projected “C” for the year 2035 supplied by SEPS-IM. 
 
Basin Permeability: “C” average runoff coefficient - reclassify: 0,7-1 (r=5), 0,5-
0,7 (r=4), 0,3-0,5 (r=3), 0,15-0,3 (r=2), 0-0,15 (r=1). 
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- Proximity to green areas (see Map BuE.2) 
As an indicator for green space accessibility or green space demand, it is 
usually considered the distribution and amount of population in relation to their 
proximity to an existing green space. These green spaces should be open and 
publicly accessible, the location of their access points need to be considered 
(WHO, 2016).  
There is no consensus in determining which distance is the most adequate to 
ensure accessibility. Some authors use standards from Natural England or from 
the European Common Indicators. These standards establish maximum 
distances to green spaces per population. These indicators can be easily shown 
in maps to visualize if the existing demand is covered or not (Hansen & Pauleit, 
2014). 
Natural England standards 2010, suggests that the distance to ensure 
accessibility should be 300 metres (or a 5-minute walk). Instead, the European 
Common Indicators recommend this distance to be 500 metres (or approximate 
a 15-minute walk, considering elderly people). The US Environmental 
Protection Agency has an indicator of green space per capita, which considers 
population living within 500-meters walking distance from a park entrance. The 
distance should be measured along walkable pathways (WHO, 2016). 
 
Natural England, 2010, establishes that all people no matter where they live 
should have green space close enough to their home to ensure accessibility. 
Following measures are suggested:   
• An accessible green space of minimum 2 hectares in size, no more than 300 
metres distance (or 5 minutes’ walk) from where people live.  
• One accessible green space, of minimum 20 hectares in size, located within 
two kilometres from where people live.  
• One accessible green site of 100 hectares in size, within five kilometres from 
where people live. 
• One accessible green site of 500 hectares within ten kilometres from people´s 
home. 
• At least one hectare of Local Nature Reserves per thousand population. 
 
Suitability Analysis and planning of Green Infrastructure in Montevideo, Uruguay. 
 
 
71 
Based on the indicators shown above and on the suggestions made by the 
WHO 2016, the availability and accessibility indicator for green spaces used in 
this thesis will be based on the residential proximity to open public green 
spaces. 
 
For the factor ‘proximity to green areas’, the shapefile containing existing green 
spaces, is taken from IM SIG. Some corrections were made with the use of 
satellite images from Google Earth, 2019. For the definition of green spaces, 
areas with a minimum size of 1.0 hectare are selected, as larger green 
elements allow more functions. Population data is obtained from INE and IM 
SIG (see 4.3.1). A proximity measure of 500 metres linear distance from green 
space edge is considered as a sensible alternative for the walking distance. 
Although other studies recommend the development of this indicator a linear 
distance of 300 m, which corresponds to approximately 5 min walk along 
walkable pathways, it could be a very ambitious indicator. While 300 m is a 
commonly used distance, there is no consensus on the most adequate 
proximity from residential areas to green space, linked with health, physical and 
recreational benefits (WHO 2016). 
 
Proximity to green areas: existing green urban areas / Multiple ring buffer / 
reclassify: >500 (r=5), 300-500 (r=4), 150-300 (r=3), 50-150 (r=2); <50 (r=1). 
 
- Distance to main roads (see Map BuE.3) 
The distance to main roads is an important factor to be considered as it 
represents accessibility. Main transport corridors connect different distant parts 
of the region and ensure ease of access to public and private transport so that 
all population is able to have access to green areas. Main transport corridors 
also represent opportunities to act as green corridors connecting different 
existing green areas. 
The shapefile with the main transport corridors is obtained from IM SIG.  
 
Proximity to main roads: main roads / Multiple ring buffer / reclassify: <100 
(r=5), 100-250 (r=4), 250-500 (r=3), 500-1000 (r=2); >1000 (r=1). 
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- Preferential Land Use (see Map BuE.4) 
Preferential land use is defined in the “Memoria de Ordenación”, IM, 1998. A 
classification is established based on preferred planning uses, which are 
understood as the predominant land use assigned to certain areas of the 
region. Preferential land use is related to the easiness of implementation of GI 
practices and influences the feasibility of developing urban green spaces.  
According to the literature, public areas, public buildings, parks, schools and 
vacant land should be considered as the most suitable areas. When GI is 
located in these areas, it will result in benefits for the entire neighbourhood 
(Kwak, 2016; Uy & Nakagoshi, 2008). 
Residential areas are scored with low suitability values. Difficulties or conflicts 
such as installation costs, maintenance works or undesirable side effects (for 
example presence of pests, mosquitoes), etc., may arise while working in 
partnership with private landowners in residential areas. This may represent an 
impediment to implementation. Commercial areas, on the other hand, are 
assigned with higher suitability values than residential areas (Kwak, 2016; Uy & 
Nakagoshi, 2008). 
With the purpose of ranking the suitability for this study, existing green areas, 
ecological and protected areas, public parcels, existing open public spaces and 
free spaces are ranked as the most suitable areas (Very high suitability).  Rural 
areas and multifunctional areas where parcels for commercial, services, tertiary, 
and industrial uses are predominant, are ranked as highly suitable. Mixed-use 
areas are considered as moderate suitable and residential areas are ranked as 
low suitability. 
Preferential Land use - reclassify:  
-Ecological areas; Protected areas; Open public spaces; Free spaces (streets,   
roads and green verges) (r=5). 
-Rural areas; multifunctional areas; Public parcels (r=4). 
-Mixed areas; Mixed controlled areas; New inclusion mixed areas; Commercial 
parcels; Special planned areas (r=3). 
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-Residential with services; Residential with mixed controlled areas; Residential 
with commercial, tertiary & multifunctional services (r=2). 
-Heritage assets; No data (r=1). 
 
- Land surface temperature (see Map BuE.5) 
Land surface temperature and air temperature are different. However, urban 
areas with high surface temperatures also reflect areas where air temperature 
and solar radiation absorbance is high. All these factors impact on thermal 
comfort. Therefore, we can use land surface temperature as a proxy to 
determine human thermal comfort (Norton et al., 2015).  
 
The land surface temperature taken from satellite images can be also used as a 
measure to evaluate the urban heat island (UHI) effect (Norton et al., 2015). 
UHI refers to the higher temperatures that are generally found in urban areas if 
we compared them to rural or natural areas. This higher temperatures are the 
result from different urban processes such as the high percentages of 
impervious surfaces, the release of waste heat from urban and human activities 
(like vehicles or heating systems), the effect of built structures and paved 
surfaces (that tend to absorb shortwave radiation from the sun, and then after a 
few hours, release long-wave radiation), among other process that occur within 
urban areas (CIESIN, 2016). 
 
The data used in this model is “The Global Summer Land Surface Temperature 
(LST) Grids, 2013” it represents the daytime maximum temperature in Celsius 
degree. The spatial resolution is of 30 arc-seconds (~1km) and it considers 
summer months (January to February in the southern hemisphere) for the year 
2013 (CIESIN, 2016). The raster file was retrieved from NASA’s Earth Data, 
DAAC database. 
 
Land surface temperature - reclassify:  >39,3ºC (r=5), 37,2-39,3 ºC (r=4), 35,8-
37,2 ºC (r=3), 33,5-35,8ºC (r=2), <33,5 ºC (r=1). 
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4.4 Preparation of criteria maps  
 
Each of the individual factors described before (See chapter: 4.3 Selection of 
factors for suitability evaluation), is mapped and its values are reclassified. For 
the reclassification, its values are correlated to a range or suitability rank, which 
is graded from 1 to 5, in a new data layer. Each cell of the factors´ map contains 
a suitability value, where the least suitable values for a specific objective are 
represented with one, while the most suitable values are indicated with five. The 
suitability rank may change according to the priority that is being evaluated.  
Table 3. Factors considered and values correlation for suitability. 
 
Source: Author's elaboration. 
Suitability Analysis and planning of Green Infrastructure in Montevideo, Uruguay. 
 
 
75 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17. Criteria maps. Author´s elaboration (See individuals’ maps in chapter 9. Map 
Catalogue) 
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4.5 Factors weighting and ranking 
 
In suitability modelling, weighting directly affects the outputs. As a 
consequence, it represents one of the most significant and complex steps for 
suitability analysis. Many factors are involved and interact with each other 
during this process (Uy & Nakagoshi, 2008).  
 
Analytical Hierarchy Process (AHP) 
AHP is commonly used to determine weighting scores within the suitability 
analysis. This process is a multi-criteria decision-making approach, suitable to 
deal with complex decisions (Saaty & De Paola 2017). AHP breaks the 
“problem” down into different factors or components and organizes them into a 
hierarchy. The hierarchy is organized in the form of a decision tree, with the 
main objective at the top and the second and tertiary criteria below. Priorities 
are assigned to the different elements by allocating them a number or value, 
which represent the different degree of importance of the elements involved in 
the hierarchy (Saaty & De Paola 2017).  
 
Pair-wise comparison matrix  
Pairwise comparison is a process used to compare each element with the rest 
of the others. For each case of pairwise comparison, the most important 
element over the other has to be defined. A value has to be assigned to 
determine how much important is one factor over the other. Saaty & De Paola 
describes the scale used, which ranges from 1 to 9, meaning: 
 
 1 Equal importance; 
 3 Moderate importance of one over another; 
 5 Strong or essential importance; 
 7 Very strong or demonstrated importance; 
 9 Extreme importance; 
 2, 4, 6, 8 Intermediate values. 
 (Source: Saaty & De Paola 2017, p. 7)  
 
For this study, the pair-wise comparison matrix used to determine the different 
weights is constructed using a spreadsheet delivered in the course Regional 
Development Modelling, as part of the MSc Sustainable Regional Development 
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at Deakin University (Goepel, 2013). The pair-wise comparison matrix includes 
the calculation of a consistency ratio, to evaluate the consistency of the different 
pairwise comparison. The AHP, pairwise comparison matrix and the spatial 
analysis tools from ArcMap 10.5.1 are used to weight and overlay the different 
factors´ maps. The different factors are combined to create a single composite 
suitability map (Saaty & De Paola 2017). This process is repeated for each 
priority issue, so that four different suitability maps are obtained according to the 
four priorities considered (see AHP for each priority issue in sections 4.6.1; 
4.6.2; 4.6.3 & 4.6.4).  
 
4.6 Application of Green Infrastructure Suitability Model (GISM) in GIS 
 
The GISM model is elaborated using ArcMap 10.5.1 and Model Builder (ESRI, 
2017), the criteria maps (described in chapter 4.4) and the weights determined 
in the AHP (see AHP for each priority issue in sections 4.6.1; 4.6.2; 4.6.3 & 
4.6.4), according to the diagram in figure 18. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18. GISM ArcMap procedure. Author´s elaboration.  
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According to some of the different objectives that the municipality of Montevideo 
has, and to the impacts and tensions the region is facing, four priority issues 
were selected to be addressed with GI. Based on these four priorities, four 
different cases for the location of GI were developed. For each case, different 
weights are assigned to the factors according to its influence on each priority. 
As a result, four different suitability maps are obtained. 
 
4.6.1 Stormwater management 
Stormwater management, intense precipitations and floods are some of the 
existing environmental challenges that the region is facing and that will increase 
in the future according to climate change scenarios. These impacts not only 
affect areas close to watercourses, but also some parts of Montevideo´s 
consolidated urban area (IM, 2018). 
 
Two types of flooding can be identified in the region. The ones related to 
floodplains, main watercourses and large basins; and those associated with 
urban drainage issues and urban micro basins (Piperno & Sierra, 2010). 
Generally, drainage infrastructures are designed to cope with regular rain 
events. When major rain events happen, sewerage systems overflow 
(particularly, this represents a serious problem for combined sewerage 
systems). In most cases, natural drainage lines (the natural paths for water to 
flow) are under paved surfaces. When sewerage systems overflow, in the 
lowest points of the natural drainage lines water tends to pond and floods 
appear. 
 
Some areas of Montevideo have sewerage systems that were built many years 
ago, when there were less paved surfaces and more green and permeable 
surfaces. This is one of the reasons why in many parts of the city floods appear 
after heavy rains. Increasing permeable surfaces in every basin will increase 
stormwater infiltration, contributing to the reduction of large water discharges in 
Montevideo´s bay, as well as reducing watercourses contamination.  
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- Main factors considered: In this case, higher weight is assigned to the 
biophysical factors, followed by the built environment factors in the second 
place and thirdly the socioeconomic factors. 
 
Regarding biophysical factors, the greatest weights are assigned to topography 
(which considers elevation, slope and flow accumulation) and to existing water 
elements, floodplains, and TR100, which actually shows approximate floodable 
areas for a return period of 100 years (this factor is assigned with the major 
weight from all). For the built environment, it is basins permeability the one 
allocated with the greater weight. Although the data used for basins 
permeability it is not updated and it does not have a high level of resolution it is 
considered an important factor for this priority. As impervious surfaces 
increases, the volume and speed of stormwater runoff do too, resulting in less 
groundwater infiltration, more water contamination, sewerage overflow and 
floods. This factor is followed by preferential land use, which is included 
because of the feasibility of GI implementation. Within socioeconomic factors, 
the main factor to consider is the Unsatisfied Basic Needs (UBN) that indicates 
us where is located the people with lowest socioeconomic levels and more 
vulnerability. In many cases, this population is associated with the main 
watercourses and live in its floodplains. 
 
- Factors' Weights:  biophysical factors have moderate importance over the built 
environment factors and strong importance over the socioeconomic factors. 
Weights are assigned as follows: 64% for biophysical factors, 26% for built 
environment factors and 10% for socioeconomic factors. 
 
Biophysical environment suitability factors’ are rated as follows: water elements, 
floodplains and TR100 48%; topography 25%; land cover 20%; and biodiversity 
& existing vegetation 7%. Built environment suitability factors’ weights are: “C” 
runoff coefficient 27%; planning uses 26%; proximity to green areas 21%, 
distance to main roads 21%; and land surface temperature 6%. Finally, 
socioeconomic suitability factors´ were determined as UBN 37%; population 
lacking green areas 28%; behavioural exposure 20%; and population density 
15%. 
Socioeconomic
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Figure 19. AHP for Montevideo GISM with priority on water management. Author´s elaboration.
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4.6.2 Population inclusion and Proximity to Green Areas  
With 98,9 per cent of Montevideo´s population living in the urban area, urban 
green spaces represent the only contact that most people have with nature. 
Access to urban green areas is an important element for sustainable urban 
planning and it is perceived as a significant factor for the population´s quality of 
life (Stessens et al., 2017). 
 
Among all the social benefits´ green spaces provide, we can mention better 
health and wellbeing, an increase of recreational areas, reduction of stress, 
promotion of areas for physical activities, encouragement of social inclusion and 
reduction of inequalities.  
 
In the region, one of the main tensions is the lack of social cohesion related to 
territorial fragmentation. Non-consolidated urban areas concentrate a large 
percentage of the population with unsatisfied basic needs. Existing asymmetries 
in the city´s infrastructures and in the quality of green public spaces represent 
different possibilities in the available opportunities for some sectors of the 
population (IM, 2018). Social inclusion is an important challenge that can be 
addressed through the implementation of GI. GI must ensure that access to 
natural areas is equally distributed in the entire region (Beatley, 2017). 
 
- Main factors considered: socioeconomic suitability factors´ are assigned the 
greatest weight. The built environment suitability factors are weighted in the 
second place, while the biophysical environment suitability factors have the 
lowest weight. 
 
Among the socioeconomic factors, the UBN and the population lacking green 
areas are the highest weighted. The UBN factor represents disadvantaged 
population mainly concentrated in unconsolidated urban areas lacking quality 
urban infrastructure. The factor population lacking green areas includes in its 
conformation the population density in relation to its distance to existing green 
areas. Proximity to green areas and distance to main roads are the highest 
weighted factors among the built environment ones. They both represent 
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accessibility for the population to green areas. Also, main transport corridors are 
generally associated with the development of new urban areas and 
infrastructure. From the biophysical factors, the major weight is assigned to 
existing biodiversity & vegetation. 
 
- Factors' Weights: socioeconomic suitability factors have the greatest weight 
(41%). The built environment suitability was weighted in second place (33%). 
Finally, the biophysical environment suitability factors’ were considered as the 
ones with the lowest influence, being assigned with the lowest weight of the 
three (26%). 
 
Within the socio-economic suitability factors, the factor UBN is the highest 
weighted (34%); followed by population lacking green areas (26%); population 
density (20%); and behavioural exposure (20%). For the built environment 
suitability factors, the order of the factors is as follows, proximity to green areas 
(36%); distance to main roads (35%); runoff coefficient (14%); preferential 
planning uses (10%); and land surface temperature (5%). Regarding the 
biophysical environment suitability factors, the highest weighted is biodiversity 
and existing vegetation (47%), next, land cover (29%); then, water elements, 
floodplains, and TR100, (17%); and finally topography (7%). 
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Figure 20. AHP for Montevideo GISM with priority on population inclusion & lack of green areas. Author´s elaboration.
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4.6.3 Local temperature regulation 
The presence of numerous buildings and high percentages of paved-hard 
surfaces combined with a lack of green cover, lead to an increase in the air and 
surfaces temperature from urban areas, in comparison to the temperatures of 
surrounding suburban and rural areas. 
 
As described in chapter: 3.1.4 Climate change in the region, in coming years 
higher temperatures and more frequent heatwaves can be expected for the 
region as a consequence of climate change. These effects will intensify the 
issue of urban heat.  
 
Urban green infrastructure (UGI) including trees, private gardens, parks, 
greenways, roof gardens, permeable pavements and other types of green 
cover, can contribute to temperature regulation by cooling the air and surfaces 
as a result of evapotranspiration process, shading from vegetation and air flow 
(Jones & Somper, 2014). 
 
An increase in the quantity and quality of nature and green areas in the region 
will contribute to minimize the effects of urban heat. UGI can assist as an 
adaptation measure towards the impacts of climate change, diminishing the 
urban heat island effect (Beatley, 2017). The adaptation of urban environments 
will reduce the vulnerability of its population and increase its quality of life 
(European Commission, n.d).  
 
- Main factors considered: the built environment suitability is assigned with the 
greatest weight. Among its factors, the land surface temperature factor is the 
most representative one, as it directly affects local temperature and it is related 
to the percentage of impervious surfaces. It is followed by proximity to green 
spaces, as the second representative factor. Regarding the biophysical 
environment suitability, existing biodiversity & vegetation and land cover are 
considered the most influential factors. While for the socioeconomic suitability, 
factors showing a high concentration of people such as population density and 
behavioural exposure are the factors assigned with the highest weights. Areas 
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that concentrate large proportions of the population need to be prepared to face 
higher temperatures in the future (Norton et al., 2015). 
 
- Factors’ Weights: The built environment suitability factors are the most 
influential (55%), followed by the biophysical environment suitability factors 
(24%) and the socioeconomic suitability factors in the third place (21%). 
 
Land surface temperature (42%) is considered the most influential factor for the 
built environment suitability. It is followed by proximity to green areas (30%), 
runoff coefficient (13%), planning uses (9%), and distance to main roads (6%). 
The biophysical suitability is influenced by biodiversity and existing vegetation 
(48%), land cover (30%), water elements, floodplains and TR100 (15%) and 
topography (7%).  For the socioeconomic suitability, it is included population 
density 32%, behavioural Exposure 32%, unsatisfied basic need 26% and 
population lacking green areas (10%). 
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Figure 21. AHP for Montevideo GISM with priority on local temperature regulation. Author´s elaboration.
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4.6.4 Biodiversity increase 
According to IM, 2018, unplanned urban development within the region has 
historically affected its natural resources and value. The decrease in the 
percentage of rural areas, the degradation of productive soils, the pollution of 
watercourses, the loss of biodiversity and the impact to fragile ecosystems 
related to rivers and streams are some of the consequences that affect the 
entire region.     
 
According to its own characteristics, the region needs to find appropriate ways 
to restore and protect nature, especially within the urban area. The use and 
increase of native species and vegetation within urban areas can help to restore 
biodiversity. For every increment of nature within the city, the area will become 
more resilient and more ecosystem services will be provided by nature (Beatley, 
2017, Hansen et al., 2017). The existence of different kinds of green connected 
spaces will enhance species resilience, as well as they will provide diverse 
habitats, letting species to move easily (Jones & Somper, 2014). 
 
- Main factors considered: for this priority issue, the biophysical environment 
suitability is considered the most important one. The factors: biodiversity and 
existing vegetation, as well as water elements and floodplains, are weighted 
with the major values. The priority is to promote the increase of biodiversity 
within areas that currently have no biodiversity values. For this reason, areas 
with no biodiversity values are weighted the most. In the built environment 
suitability, the proximity to green areas factor was the major weighted. Within 
the socioeconomic suitability factors (the group with the lowest weight), 
population lacking green areas was weighted the most. 
 
- Factors’ Weights: For the biodiversity increase priority, the influence of 
biophysical factors contributes to 59%, the built environment factors 28% and 
the socioeconomic factors 13%. 
 
The biophysical environment suitability is influenced by the following factors 
weights´:  biodiversity and existing vegetation 38%, water elements, floodplains 
and TR100 35%, topography 15% and land cover 12%. The built environment 
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suitability is affected by proximity to green areas 37%, runoff coefficient 19%, 
distance to main roads 18%, planning uses 16% and land surface temperature 
10%. Finally, the factors that contribute to the socio-economic suitability are: 
population lacking green areas 34%, unsatisfied basic needs 24%, population 
density 21%, and behavioural exposure 21%. 
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Figure 22. AHP for Montevideo GISM with priority on biodiversity increase. Author´s elaboration.
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5. Research Findings 
 
 
Chapter 5. Research Findings, analyses the maps and results achieved 
according to each different priority issue. In addition, it combines high and very 
high suitability values obtained for each priority and proposes four significant 
sectors for GI localization.  
 
 
5.1 Suitability maps  
The GISM aims to identify priority areas in which to focus the development of 
Green Infrastructure (GI). The model is conceived as a first approach to the 
issue and as a primary stage in the identification of geographical locations in 
need of green areas. After this first analysis, and previous to GI implementation, 
a deeper examination at the local or neighbourhood level should follow.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23. Suitability maps for each case for GI localization. (Priorities: 1 - Stormwater 
management; 2 - Population inclusion and proximity to green spaces; 3 - Local temperature 
regulation; 4 - Biodiversity increase). Author's elaboration. 
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Each suitability map shows suitable areas for GI localization responding to one 
of the priority issues selected. They are developed according to the 
methodology described in the previous chapter. Different weights are assigned 
to the factors as a result of their influence on the priority issue that is being 
assessed.  
 
Different areas within the region show different suitability values, according to 
the priority that is evaluated. The four suitability maps shown in figure 23, 
provide a visualization of the least and the most suitable areas for GI 
implementation in the locations where GI is needed the most in Montevideo. 
These localizations consider the following priority issues: stormwater 
management, population inclusion and proximity to green areas, local 
temperature regulation, and increase of biodiversity. 
 
With the purpose to better identify and analyse the location of the most and 
least suitable areas within Montevideo, the suitability maps that follow show the 
division into the existing Municipalities of Montevideo. Montevideo is divided 
into 8 municipalities, which represent a 3rd governmental level (following level 
after the departmental one). Municipalities are territorial institutions, based on 
the neighbourhood level.  They are organized with the aim to satisfy local 
communities and collective needs. They represent an appropriate level for a 
deeper analysis previous to GI localization. 
 
5.1.1 Suitability map - Priority: stormwater management. 
As it can be seen in the resulting suitability map in figure 24, high and very high 
suitability values are generally associated with the presence of water elements, 
floodplains and natural drainage lines, which also correspond to the lowest 
topographic areas. This is related to the fact that the factor “water elements and 
floodplains” has the greatest weight among all the factors.   
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Figure 24. High & very high suitability values for stormwater management. Author's elaboration. 
Figure 25. Greatest concentration of very high suitable values. Author's elaboration. 
 
Very high suitability values for GI localization can be seen in the areas of 
Pantanoso and Miguelete Basin. These areas correspond to two of the main 
urban watercourses and larger basins of the region. They are considered 
vulnerable areas affected by the increase in the intensity and frequency of 
precipitations related to climate change, whose impacts rise as a consequence 
of informal urban developments located in floodplain areas. 
 
Figure 25, indicates one of the sectors with the greatest concentration of very 
high suitability values. This sector is located between the southern part of 
municipality C and the northern part of municipality B. The area comprehends 
the neighbourhoods of Aguada, Villa Muñoz, La commercial, and parts of 
Centro and Cordón, which represent central urban areas of the region. Part of 
this area has been affected in some recent occasions when intense 
precipitations exceeded the urban drainage systems, resulting in severe urban 
floods and damages. 
 
Furthermore, other sectors with very high suitable values can be appreciated 
near the limit between municipalities CH and E, principally in parts of Pocitos 
and Buceo neighbourhoods. These areas can be related to the location of 
former Arroyo Pocitos and Arroyo del Buceo, which among other watercourses 
in the region, were channelled and remain under paved surfaces. As a 
consequence, when heavy rains happen, sewerage systems overflow, in the 
lowest points of the natural drainage lines water tends to pond and floods 
appear. 
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5.1.2 Suitability map - Priority: population inclusion and proximity to 
green areas. 
In relation to population inclusion and proximity to green areas priority, it is 
observed that very high suitability areas for GI localization are concentrated 
within Municipality B, in the neighbourhoods of Cordón, Centro y Aguada. This 
responds to the fact that the highest weight is assigned to the socioeconomic 
factors, in particular to population lacking green areas and to population with 
unsatisfied basic needs. High suitability values are distributed among all the 
municipalities, mainly concentrated in areas with population lacking green areas 
and along main transport corridors.    
 
In figure 26, we can observe how changes in the weights assigned to individual 
factors modify the final suitability maps. Therefore, it is very important to define 
in advance the priorities to be addressed. The four different maps show different 
weights in the factors: population density, behavioural exposure, UBN and lack 
of green areas. 
 
We can appreciate that in all the cases Municipality B has the greatest 
concentration of high suitability values. However, when we assigned the highest 
weight to UBN, high suitability values tend to decrease in central areas and 
increase in peripheral areas. On the contrary, as we increase the weights of 
population density and behavioural exposure, central areas increase its 
suitability while peripheral areas decrease. Another tendency we can see is the 
maintenance of high suitability values along the main transport corridors.   
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Figure 26. Changes in the weights of socioeconomic factors influence the suitability maps for 
the localization of GI. Author's elaboration. 
 
5.1.3 Suitability map - Priority: local temperature regulation.  
Results shown in figure 27, illustrate how high and very high suitability values 
for priority GI location for urban heat regulation correspond mainly to the areas 
currently defined as urban areas. Especially, they match to those areas with 
higher percentages of paved surfaces, greatest behavioural exposure, and with 
less vegetation or water elements. As suitability maps indicate, suitability values 
decrease in the presence of large green areas, main watercourses or close to 
the south, where temperature it is influenced by the coast.  
A large concentration of Very high suitability values is concentrated in the 
central and northern part of municipality B. In addition, there are also other very 
high suitability areas located among the rest of the municipalities, especially 
situated along main avenues or transport corridors.  
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Figure 27. High & very high suitability areas for local temperature regulation. Author's 
elaboration.   
 
5.1.4 Suitability map - Priority: biodiversity increase. 
According to the suitability maps shown in figure 28, for the biodiversity 
increase priority, we can see how results illustrate that the major part of the 
urban area is indicated as high suitability areas. There are some exceptions 
with lower suitability values within the urban areas, which correspond to sectors 
where large green areas or watercourses are located. The suitability map 
obtained for this priority has numerous similarities with the map achieved for 
local temperature regulation priority. These results support the idea that the 
presence of green areas within urban areas has a great influence on the 
regulation of local temperature. 
 
Once more, the main concentration of very high suitability values is located 
within Municipality B, close to the principal avenue of the region, Av 18 de Julio.  
 
 
 
 
 
 
 
Figure 28. High & very high suitability areas for biodiversity increase. Author's elaboration. 
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On the other hand, low and very low suitability values mostly correspond to 
areas with existing biodiversity values. The reason for this is that the model 
prioritizes areas in need of natural areas. Consequently, areas with less or no 
existing vegetation are the highest weighted, whilst areas with existing 
vegetation are assigned lower values. Nevertheless, this does not mean that 
areas rated as low and very low suitability values are not suitable for GI. On the 
contrary, existing biodiversity and natural elements in the whole region must be 
protected and enhanced. 
 
 
 
 
 
 
 
 
 
Figure 29. (Left) Biophysical suitability with highest suitability values assigned on areas lacking 
biodiversity. Author's elaboration. 
Figure 30. (Right) Biophysical suitability with the highest suitability values assigned on areas 
with the presence of vegetation and high biodiversity values. Author's elaboration. 
 
In figures 29 and 30, we can see different results as a consequence of 
variations in the values reclassification of the biophysical factors. While in figure 
29, highest suitability values are assigned on areas lacking vegetation and 
biodiversity; in figure 30, highest suitability values are assigned to vegetation 
and ecological areas. One map considers the lack of vegetation as a priority 
issue, while the other, the presence of high biodiversity values to protect and 
landscape connectivity. GI multifunctionality cannot always be successful at 
achieving all the benefits at the same time. Sometimes priority issues, have no 
compatible locations. In these cases is important that stakeholders have clear 
objectives and evaluate different possibilities to make trade-offs when possible. 
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5.2 Analysis and discussion 
 
5.2.1 Considerations on the available data used for GISM 
The factor ‘existing green areas’ was obtained from IM SIG, and contains the 
green areas listed by the municipality. This shapefile was elaborated in 2012. 
Although some updates have been made, some of the areas may have 
changed its function or characteristics, or new green areas might have been 
designated. From the original shapefile, areas greater than 1 hectare in size 
were selected.   
 
The green areas listed by the municipality were considered as an adequate 
factor for the aim and time frame of this investigation. However, for further 
research, an analysis of the qualities and resilience capacity of the existing 
green areas may enrich the results. Some of the existing green areas listed may 
have poor environmental qualities or little green features. In many cases, these 
green areas should be improved and enriched to increase its environmental 
value and provide with more benefits and ecosystem services to the population. 
 
For the model and for the purpose of the designation of population proximity to 
green areas, small green spaces were not considered. The restriction in size 
was selected because of the capacity of larger spaces to provide more and 
multiple functions. However, some studies have shown that small green areas 
can also have a positive effect on the population and play a significant role by 
providing accessible green space in dense impervious areas. An important key 
to the success of these green spaces is the involvement of community, 
residents and other groups, to turn these areas into lively green spaces (Klein-
Rosenthal, et. al, 2015).  
 
Other green areas that may be private and no publicly accessible were not 
considered. Public land was prioritized as it represents accessibility to all the 
population and ease of implementation. However, partnership with private 
actors and community involvement can result in successful coordination. 
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Soil permeability is an important factor to be considered for the purpose of this 
research. It has an important influence on the impacts of precipitations and 
urban flooding, as well as it affects temperature regulation. Publicly accessible 
data was not available; hence for this research, the data used for the model was 
the runoff coefficient calculated for the micro basins estimated runoff by SEPS 
IM. These coefficients are not updated and they represent an average value for 
each of the whole micro basins. Updated and detailed data on urban 
permeability or a thorough survey on the urban land cover classes would add 
great value and accuracy to further research. 
  
Others examples of data that were not publicly available are ‘vacant land’ or 
‘abandoned buildings’. A survey can be done on a more reduced scale to 
include this factor in future studies. This data can improve the results from 
further research too. Also, the contribution from the data used for the factor land 
surface temperature is very significant. The same data with a finer scale and a 
greater level of resolution will also improve future contributions on the topic. 
 
Finally, the resulting suitability maps have the limitations previously described. 
Therefore, the use of the maps should be considered only for strategic regional 
planning, which is an appropriate scale in relation to the level of resolution of 
the available data used for the elaboration of the model and final suitability 
maps. 
 
5.2.2 Selection of high and very high suitability areas  
In each of the four cases previously described (see chapter 5.1 Suitability 
maps), suitability values range from very low to very high suitability. High and 
very high values from each case are selected (see figure 31) with the purpose 
to compare commonalities among the different priorities. In addition, this allows 
assessing the possibility of multifunctional GI localization in places that can be 
benefited the most.  
 
After high and very high suitability values for each priority are determined, they 
are intersected in a final suitability map using the overlay analysis tool from 
ArcMap 10.5.1. This tool allows to intersect the common values and to perform 
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an overlay analysis (see figure 32). The map resulting shows high and very high 
suitability values for localization of multifunctional GI. 
 
Figure 31. High & very high suitability values for each priority. Author's elaboration. 
 
 
 
 
 
 
 
 
 
 
Figure 32. Intersection of high & very high suitability values of the four different priorities for 
localization of multifunctional GI. Author's elaboration. 
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The final suitability map exposed in figure 32, is built from the intersection of 
common high and very high suitability values from each priority issue, creating a 
new suitability map showing priority areas for the location of multifunctional GI. 
 
In figure 32, it is clearly observed that in the northern-central part of Municipality 
B and the southern part of municipality C, there is an important concentration of 
high and very high suitability values for the localization of GI. This sector can be 
delimited approximately, by Bv. Artigas in the north, Av. Rivera, Constituyente 
and Av. 18 de Julio in the south, Bv. Artigas in the east and Av. Libertador and 
Av. Agraciada in the west. Other high suitability areas are located more 
dispersed and less concentrated in municipalities A, CH, D, E, F and G.  
 
According to the resulting maps and the different high and very high suitability 
values obtained, four major areas or sectors are identified. Each sector is 
grouped because of proximity and similarities in its characteristics (see figure 
33). These four sectors are: sector A (a central consolidated urban area), sector 
B (a complex area due to the coexistence of different land uses, such as rural 
production, industrial areas, consolidated urban areas and informal non-
consolidated urban areas, particularly located in floodable areas. The presence 
of the Pantonoso basin contains significant ecological areas. However, these 
areas are affected by environmental damage, water and soil contamination, 
social vulnerability and the presence of precarious housing), sector C (an area 
that involves urban areas and urban-rural interface, with different land-uses, 
unconsolidated areas, precarious habitats and loss of environmental services) 
and sector D (a neighbourhood sector, located in the coastal consolidated 
urban area).  
 
The results obtained and the former sectors described, need to be validated 
with the current situation and be evaluated directly in the field. However, based 
on the results of the suitability maps, the sector “A” (see figure 33), which 
concentrates the most quantity of high and very high suitable values is selected, 
for the purpose of this thesis, as a clear area to start with the prioritization of GI 
localization.  
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Figure 33. Four major priority sectors for GI localization. Author's elaboration.   
 
Most of the area within the sector A (see figure 33) is classified as a central 
urban area, based on the municipal regulations. The dominant urban 
morphology of buildings in the area is considerably dense and closed. The 
layout of the streets and parcels is largely uniform and blocks are divided into 
small regular plots. Buildings do not have front or sides retreats, resulting in an 
intense occupation of the land and generating closed-dense block morphology 
with little green cover and large impervious surfaces. 
 
The sector functions as a multifunctional area; it is characterized because of the 
concentration of different social services and economic activities, as well as 
being a centrality for the city and the region. In previous decades, the area 
suffered a process of abandonment and degradation. Nowadays, governmental 
plans aim to promote the recuperation of the area, of its infrastructure, services 
and environmental qualities, increase its population density, and reinforce its 
function as a centrality. Enhancement of Its open public space, green areas and 
environmental qualities are needed. At the same time, these objectives 
contribute to the government plans for recovering the role of the area. 
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6.  Recommendations for GI Planning 
 
 
Chapter 6. Recommendations for GI Planning, suggests some guidelines for 
green infrastructure implementation in the region as a spatial planning 
approach. These recommendations are mainly based in chapter 5 (Research 
findings), chapter 2 (Literature review) and chapter 3 (Study area: Montevideo). 
They are divided into two spatial levels (departmental and municipality levels). 
 
 
GI should be planned as an interconnected network at the regional level. 
However, it needs to be designed to the scale and specifications of the site too 
(NACTO, 2017).  Intended as a network at the regional level, GI has the 
capacity to increase connectivity and to support processes and functions that, 
individual green areas, are not able to provide by themselves (Mell, 2010; 
Pauleit et al., 2011). 
 
As suggested by Sinnett et al. 2015, GI planning should be conceived as a 
hierarchical process with two levels. The first level is the departmental or 
regional, which is a strategic level. Existing socio-ecological systems need to be 
considered. Its main elements should be identified in order to be integrated into 
the GI system. Main elements or factors include water, soil, cultural and 
biodiversity system, (they may vary depending on the size and characteristics of 
the area). 
 
The following level, the municipal or local, it is an operative level, where there is 
a transition from strategy to action. At this level is where decisions happen and 
socio-ecological systems are studied in greater depth. The role and 
characteristics of the area should be analysed.  The objectives established 
need to be in accordance with the region features and at the same time need to 
be simple, realistic and related to the strategies at the departmental level 
(Sinnett et al. 2015). 
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The development of factors maps assists to understand the main processes 
and systems and to find the needs and opportunities within the area.  Common 
factors maps include: green areas map, blue areas map (suitable for corridors 
conformation and generation of continuity), public spaces and services map, 
main connectors maps (provide opportunities to shape green corridors and 
connect green elements). The overlay of factors maps (from both levels) can 
assist to detect elements that can be integrated such as ecological areas, social 
areas, structural connections and nodes. Ecological, social areas and nodes 
determine possible parcels for GI implementation, while corridors depend 
mostly on structural connections and blue elements (Sinnett et al. 2015). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34. Levels for planning Green Infrastructure.  Source: Adapted from Sinnett et al. 2015.  
 
 
 
 
Suitability Analysis and planning of Green Infrastructure in Montevideo, Uruguay. 
 
 
104 
6.1 Considerations for GI planning in Montevideo - Departmental level 
 
Based on the previous considerations from chapter 6 - Recommendations for GI 
Planning, and chapter 3 - Study Area, Montevideo; the main systems and the 
region´s character are identified.  
 
The region´s system of green areas should be identified and protected. The 
system of green areas of Montevideo includes green and blue elements. Green 
elements are composed of parks, squares, public and private street-trees, 
significant ecological areas and rural areas. Blue elements include 
Montevideo´s bay, the coast (Río de la Plata), streams (Miguelete, Pantanoso 
and Carrasco) and Santa Lucia River (see figure 35).  
Rural areas: the surrounding peri-urban areas and rural areas must be 
protected and enhanced. They represent a large green sector with high 
environmental values and significance for the region. These areas need to be 
connected with the coast through a system of green corridors that should be 
reinforced, recovering the connection between the coast and the rural area 
while connecting existing urban green areas in the middle.  
Blue elements: main watercourses have a fundamental role to play as existing 
green connectors. Protection of large natural areas such as Pantanoso and 
Miguelete basins contiguous to urban areas should be promoted. These 
landscapes are threatened by urban activities and need to be managed to 
incorporate different functions, such as land conservation, stormwater 
management and recreational uses.  Particularly, natural areas such as riparian 
areas and wetlands should be prioritized for conservation, creating stream 
buffers, and areas for native nature regeneration as well as stormwater parks.  
Ecological areas: existing ecological areas, areas with high biodiversity values 
and its surrounding areas need to be protected. Identified areas with high and 
very high suitability values for biodiversity increase (see figure 35 & 36), are 
suggested to be incorporated as natural land in the existing municipal 
framework for preferential land use. The incorporation of these areas can act as 
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buffers to protect existing biodiversity values from watercourses, or native 
vegetation.  
 
Urban green areas: Existing opportunities of available large urban plots within 
the urban fabric should be prioritized for transformation into urban green public 
areas such as urban parks, urban forests or community gardens, etc. These 
areas can be designed to incorporate different recreational and environmental 
functions, as well as to increase urban biodiversity. 
 
Green corridors: A system of main streets and roads should be established to 
act as a connector system linking existing green areas. Different types of GI 
such as bioretention and bioinfiltration systems, permeable pavements, trees, 
etc., need to be incorporated in the design of the street system.  Strategies such 
as increasing the available space for people walking and biking or building 
bioswales and planting trees between streets and pedestrian footpaths or bike 
lanes can be implemented. Bioswales or rain gardens can be easily installed in 
unpaved surfaces.  Permeable pavement can be used in pedestrian or parking 
areas.  
Green Buildings: new regulations can demand that new buildings designs 
incorporate different GI elements that not only will help to improve the 
surroundings, but also its internal efficiency. Some of the elements that can be 
incorporated are green roofs, green facades, rain gardens, downspouts 
disconnections (for areas with combined sewer systems), or rainwater tanks. 
 
Temporary green spaces: Particularly for areas with social disadvantages and 
lower socioeconomic levels, GI can be implemented as a revitalization strategy. 
Temporary green spaces can be developed on abandoned or vacant land. 
Urban agriculture or other cultural or educational activities can be encouraged 
and open to all public. Local participation in maintenance works or workshops 
can improve the opportunities for the people of the area. 
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Figure 35. Natural and built systems in the region. Source: Author's elaboration, based on data 
from IM SIG, 2019. 
 
 
Figure 36. General GI Strategy for Montevideo. Source: Author's elaboration, based on IM, 
2012) 
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6.2 Considerations for GI planning in priority areas - Municipality level 
 
Based on the results of the suitability maps, the sector “A” (see Figure 33), 
which concentrates the most quantity of high and very high suitable values, is 
selected to indicate some possible examples and guidelines to consider for GI 
implementation.   
 
The recommendations provide guidance and examples on how to address the 
issues of stormwater management, lack of green space, local temperature 
regulation, and increase of biodiversity through GI implementation at a planning 
scale. 
 
 
 
 
 
 
 
 
 
 
Figure 37. Sector A. Area to prioritize for GI implementation. Author's elaboration. 
 
In the map showing Sector A, in figure 37, we can see current preferential 
planning uses that include areas with multifunctional purposes, residential 
sectors and main structural connectors, which are defined by the Municipality 
regulations. Figure 37, also illustrates existing open spaces, green urban land 
cover, governmental parcels and main avenues and streets.   
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Potential areas or opportunities for the localization of GI are determined 
according to the existing land use regulation. Areas such as existing green 
spaces, free open spaces, streets, public or governmental parcels and 
buildings, can be suitable for this purpose (see figure 38). 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 38. Potential opportunities for GI implementation. Author's elaboration. 
 
A - Open spaces 
Existing open spaces in the area currently lack natural features; they are not 
able to provide any green or nature interactions as are mainly covered with 
impermeable surfaces and have little to no vegetation. In addition, they are 
generally designed as monofunctional spaces. Allowing more functions to 
happen can result in more benefits for the population. Existing open spaces 
represent a real possibility to easily increase the quantity and quality of nature 
in the area. To think of a more biophilic city, we need the abundance of nature, 
we need to repair, restore and insert nature in every place possible (Beatley 
2011). 
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Figure 39. Satellite Images of examples of existing open spaces in the sector. Source: IDEuy, 
2019 < https://visualizador.ide.uy/ideuy/core/load_public_project/ideuy/>. 
 
The majority of existing vegetation in Montevideo are non-native species. 
According to Monza, 2016, only 1% of the trees are native or indigenous flora. 
The incorporation of native plants needs to be encouraged to improve the 
existing flora and fauna within urban areas. The integration of species with fruits 
and flowers need to be promoted too, as a way to increase the activity of birds, 
bees, butterflies, insects, etc. improving the biodiversity of the area. 
 
B - Public buildings 
Public parcels and public buildings represent an opportunity to find public 
partner organizations for the implementation of GI. GI could be used by these 
organizations as opportunities to incorporate educational uses, recreational 
activities or ecological purposes such as urban gardens for the community. 
Figure 40. Satellite Images of examples of existing public buildings & parcels in the sector. 
Source: IDEuy, 2019 < https://visualizador.ide.uy/ideuy/core/load_public_project/ideuy/>. 
 
Vacant parcels or abandoned buildings  
Vacant parcels and abandoned buildings have high chances to provide 
available space for temporary or permanent use for the localization of GI. With 
the incorporation of GI, neighbourhoods improve their environment, increase its 
land value and increase the quality of life of its people (NORSD, 2011). In this 
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study, vacant areas were not considered because of the lack of publicly 
available data. However, a deeper study at the neighbourhood level can aim to 
detect available parcels. Considering this data in further studies would add 
great value to the results and proposals for GI. 
 
C - Streets as a System of Green Corridors 
Within the area, where there are no large free spaces left for easy 
implementation of new green areas, streets can be an opportunity to 
reintroduce ecological functions back into the built environment. By doing so, 
the area can result in a more resilient and enjoyable place to live. Integration of 
GI elements into streets results in a more human scale and allows reallocating 
street space for people, for walking and biking.  
 
Streets represent an important percentage of the total impervious surfaces in 
urban areas. They can be seen as an obstacle to natural hydrology. However, 
streets designed as ecosystems aim to restore the natural hydrological cycle 
and to reconnect people with nature in areas where access to other green areas 
is limited (NACTO, 2017). 
 
As most of the streets in the sector are automobile-oriented, with large 
percentages of impervious surface cover, the wider and strategic streets were 
selected to propose its redevelopment as green connectors. In order to do this, 
traffic volumes, economic activities, parking and other issues need to be 
analysed, to detect streets with the capacity to reallocate space for GI elements. 
Some changes at the street level can allow space for GI while improving the 
existing conditions for bicycles and pedestrians. 
 
Bicycle facilities are compatible with GI elements. Permeable pavements can be 
used for light traffic, bikes or parking lots, and bioretention elements or other 
green elements can act as buffer spaces between bike lanes and cars. 
 
GI elements should be selected to implement in the high priority zones with the 
purpose to complement grey infrastructure. GI transforms infrastructure in 
attractive services for enhancing neighbourhoods and quality of life.  At the 
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same time, it reduces stormwater peak flow before it reaches the traditional 
sewerage system; it contributes to increasing green areas, reducing local 
temperature, connecting people with green spaces, and increase habitats for 
biodiversity. 
 
In order to prioritize the specific sites location for GI elements, further analysis 
at a finer level should be done considering the project goals, social equity, 
available space, social and economic functions happening at the street level, 
existing grey infrastructure, existing buildings, urban hydrology, topography, and 
climate (now and in the future). Other characteristics to evaluate from each 
parcel should include parcel ownership, existing vegetation and biodiversity 
values, parcel physical characteristics (size, slope, elevation, imperviousness, 
soil type, hydrology and infiltration), parcel history, flooding and drainage 
issues. 
 
Figure 41 illustrates alternatives of GI elements to implement at the street level. 
Their main purpose regarding stormwater management is that stormwater is 
captured before it reaches the sewerage system. Part of the water is infiltrated 
into the ground, some part is evaporated, and other is stored for a while, being 
gradually released into the sewerage system. Runoff peak volume is delayed 
and stormwater runoff that reaches the sewerage system is reduced. Parts of 
the pollutants are filtered and the risk of flooding and water contamination 
decrease (NACTO, 2017). 
 
Regarding the use of GI elements with the purpose of reducing local 
temperature, it is important to consider the appropriate elements in relation to 
solar exposure. Solar exposure will depend on canyon geometry (relation 
between street wide and buildings height) and street orientation. Wide streets 
with low buildings and no vegetation are more exposed, while narrow streets 
with high buildings are less exposed because of the shading projected by the 
buildings (Norton et al., 2015).  
 
Street characteristics, morphology and social and economic activities should be 
evaluated to determine if there is enough available space for GI implementation. 
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For example, for narrow east-west oriented streets with facades facing north 
and south, green walls are recommended on the north-facing wall. Instead, 
street trees with wider, denser canopies are suggested for the most solar 
exposed facades when there is enough space (Norton et al., 2015). 
 
Vegetation 
Selection of native plants is very important, as they have more effects to restore 
biodiversity within urban areas. Selected plants need to resist flooding 
conditions. However, as an increase in the mean temperature and in the 
frequency of heatwaves is also expected for the region, selected plants need to 
tolerate little water too. Irrigation can be necessary during the summer season. 
The number of dry days is expected to increase, leading to more frequent 
droughts. During droughts periods there will be problems with water availability. 
GI elements capable of collecting and storing water during rainy days and 
reusing it later when there is water scarcity, are appropriate solutions to be 
considered. 
 
Existing Soil  
Infiltration rate and groundwater table depth need to be analysed. High-quality 
soils are better to be chosen because of their positive infiltration capacity. For 
example, in gravelly and sandy soils, water infiltrates faster than in soils with 
high percentages of clay. This aspect is very important to be considered, 
especially during rainy seasons. However, in areas with poor soil quality with 
slow infiltration rate GI can incorporate an underdrain underneath to improve its 
performance (NACTO, 2017). 
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Figure 41. Streets as green connectors, UGI elements. Source: adapted from Golden et al., 
2018 & NACTO, 2017. 
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Collaborative approach & regulatory framework 
GI projects need to be planned in partnerships between different public 
organizations and private stakeholders involved in the area, such as non-profit 
organizations, academic institutions, private companies and investors. Public 
and private partnerships for financing different GI developments should be 
encouraged. Many GI practices need public resources and planning at the 
government and municipal level. Other GI practices, can be implemented by 
encouraging private actors through regulatory incentives, subsidies, or other 
initiatives such as bottom-up crowdfunding for local communities (TD Bank 
Group & GlobeScan, 2019). 
 
GI implementation has to be supported by stronger-new policies, a collaborative 
approach and long-term vision that consider future benefits for society. Cost-
benefit analyses need to include non-economic values by quantifying other 
benefits such as the environmental ones. A collaborative approach that 
considers the long-term benefits is needed. For the implementation of GI and its 
succeed in time, collaboration and participation of different actors is needed, 
especially between public and private sector, and local community.  
 
Plans for different infrastructure should be integrated, for example, stormwater 
management network plans can be designed in conjunction with bicycle 
infrastructure plans and open public space projects. 
 
Land use regulations should be revised as it promotes development patterns 
and normative percentages of impervious surface cover. They need to be 
adapted to encourage the use of GI, increase the percentage of permeable 
surfaces allowed and promote stormwater management on-site. For example, 
new regulation can demand new buildings to include the incorporation of at 
least one GI element to replace the nature lost. 
 
Implementation: In figure 42, NACTO, 2017 illustrates an example of green 
corridor implementation in New York, USA. As a strategy for GI implementation, 
first, a temporary project with low-cost materials is executed. These changes 
can be rapidly implemented, one of its objectives is to inform and involve the 
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public during the planning and decision-making process. After this temporary 
phase, major redesigns are accomplished. Temporary materials are replaced by 
permanent ones, once the public has already tested the design carefully. 
Additionally, this allows more time for funding to be available.   
 
Figure 42. (left). Example of street reconstruction in New York City, NY. Source: NACTO, 2017, 
Urban Street Stormwater Guide. 
Figure 43. (right). Agraciada Avenue, Montevideo. Example of possible GI implementation. 
Street green, increased urban tree canopy and bioswales. Author´s elaboration.  
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7. Conclusion 
 
 
Chapter 7. Conclusion, draws the final comments and considerations, on the 
thesis. Additionally, it discusses contributions to knowledge, research limitations 
found during the thesis process, as well as further studies in the field to improve 
future results. 
 
 
7.1 Contributions to knowledge 
 
The results exposed in the previous chapters demonstrate that the proposed 
objectives of the research were achieved. The model developed (GISM), 
involves different socioeconomic, biophysical and environmental factors to 
assess the different areas within the region. Additionally, it considers diverse 
priority issues to be addressed; weights to each factor are assigned according 
to their influence on each priority. As a result, spatial significant areas in need of 
GI localization are detected.  The main purpose of this research, to develop a 
model to identify priority areas for GI in Montevideo, was accomplished. The 
methodology developed has potential as a tool to support future planning for 
multifunctional green infrastructure (GI). 
 
One of the core components of suitability analysis is the generation of suitability 
maps. Suitability maps were generated according to different priorities. These 
maps show the least and most suitable areas in need of green infrastructure 
localization. The different resulting maps were combined in a final suitability 
map, which shows high suitability area for the localization of multifunctional GI. 
 
Lastly, some recommendations for GI planning in the region (at the 
departmental and municipality levels) were provided; so that the role and value 
of GI within the region are strengthened. GI should be considered as essential 
as other grey infrastructures are considered for the region. 
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Two important observations are drawn from the model and its results. Firstly, 
the model identifies potential areas for the implementation of GI as part of a 
region´s masterplan (at the strategic level). The next step should be a deeper 
examination of those areas at a higher resolution (at a smaller scale) for 
example at the neighbourhood level (operative level). Secondly, it is essential to 
determine appropriate priority objectives so that accurate results can be 
achieved and the most quantity of possible benefits can be provided to the 
region, particularly during the final step (site level or implementation level).   
 
GISM can be adapted to changes in the region. The data and weights can be 
updated or substituted to respond to other challenges that the region may face 
in the future or to newly available information. Most significantly, the model can 
be adjusted to a new region or a different context. Therefore, the model 
developed is not limited to Montevideo and it can be extended to other regions.  
 
Suitability analysis can play an important role as an effective decision tool in the 
decision and policy-making process towards future driving forces such as 
climate change. The resultant suitability maps can be used as a tool to 
contribute to future plans or strategies for the development of the region. The 
areas rated as with high and very high suitability need to be studied at a closer 
level to be included in future plans for the development of GI in the region.  
 
If new green elements are implemented in connection with other existing green 
areas, they can become a network of GI that can help to restore natural 
ecosystems, support an increase of biodiversity, and help to adapt the region 
towards the impacts of climate change. In addition, it can provide ecological, 
social, and economic benefits for the whole area. 
 
 
7.2 Research considerations and limitations  
 
The model developed depends on a range of factors. Limitations related to data 
availability may occur. In addition, according to Hossain, 2018, in suitability 
analysis, there are some common errors that might affect the final results. 
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These common errors can be related to decision-making errors, data errors or 
data processing errors. 
 
During the elaboration of the GISM, limitations regarding availability and limited 
access to data were found. Due to lack of appropriate data for certain factors, 
modifications in the factors to be considered or in the weight assigned occurred. 
In some cases, the use of some factors was dismissed or substituted for others 
when possible. 
 
Inadequacy of the scale of resolution of some of the available data is another 
issue found in the spatial data used for the model. A common issue is that the 
scale of the resolution of the data is not the most appropriate for the purpose of 
this research. Particularly, for the analysis within urban areas, the resolution of 
the data should be more detailed or precise, so that the outcomes result in a 
more useful tool for future planning. 
 
Due to the scope and time limitation of this thesis, the weighting process was 
done based on the literature review as well as on other similar case studies.  
Errors in relation to accuracy in the designated weights might occur. As 
variations in the weights assigned directly affect final results, prior to further 
studies, outcomes should be always checked and corrected by a group of 
experts, ensuring they correspond with the current situation and priorities 
sought. When weight assignation is done by a group of experts, weights should 
be checked too, as they might be influenced by personal interest or priorities 
from experts or decision-makers (Hossain, 2018). Accuracy of all the data used 
should also be checked with reality, to avoid possible data errors or 
imprecisions in the source of data. 
 
Finally, data processing errors associated with data manipulation and data entry 
might happen. GIS combines data that may have different spatial scales of 
resolution, this can affect the processing of the data and its results. Propagation 
errors may arise during GIS operations processes. 
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7.3 Further studies  
 
After the development of the GISM, priority areas for GI implementation were 
determined. Previous to GI localization, a further step should be to ensure a 
finer scale analysis. This analysis should be done at the neighbourhood level, 
and should prioritize site locations to maximize the benefits of GI 
implementation.  The evaluation needs to detect the most suitable locations to 
get the best results, according to the priorities and with the least economic 
costs. For the third level of analysis (implementation), further studies should 
include the needs and perception of different actors involved and local 
communities’ participation.  
 
 
Figure 44. Thesis objective & further steps. Source: Author´s elaboration, based on Norton et 
al., 2015. 
 
In conclusion, the main purpose of the research was achieved. Priority areas for 
the location of multifunctional GI were located. These results contribute to future 
analysis on GI implementation in the region, especially for increasing its 
resilience and its capacity to climate change adaptation. Indeed, it is a field of 
investigation that it is just starting to gain a priority position as a research area 
of interest for the academy, public organizations and government of the country. 
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